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REMARKS 

Rejection under 35 U.S.C. SI 12, second paragraph 

The claims have been amended to clarify the methods and conditions under which the 
molecular weight analysis was performed. Support can be found in the specification, e.g., Page 
15, lines 24-25; Page 29, lines 23-26; Page 34, lines 8-16; Page 38, lines 9-10. This amendment 
does not change the scope in any way, but merely clarifies, what would have been apparent upon 
reading the specification, how the molecular weight was determined. 

The hybridization conditions disclosed in the specification were standard conditions 
accompanying the DIG system (Roche). See, Specification, Page 46 and Claim 124. "The test of 
enablement is whether one reasonably skilled in the art could make or use the invention from the 
disclosures in the patent coupled with information known in the art without undue 
experimentation." United States v. Telectronics, Inc., 857 F.2d 778, 785, 8 USPQ2d 1217, 1223 
(Fed. Cir. 1988). Hybridization is conventional in the art. The Federal Circuit has held that a 
"patent need not teach, and preferably omits, what is well known in the art. " See, Hybritech, 
Inc. v. Monoclonal Antibodies, Inc., 802 F.2d 1367, 1384, 231 USPQ 81, 94 (Fed. Cir. 1986), 
cert, denied, 480 U.S. 947 (1987). 

The specification has been amended by inserting the conditions of the stringency washes 
referred to on Page 46. This amendment is not new matter. See, accompanying declaration. 
Claims 208 and 209 have also been added which recite these conditions. 

Rejection under 35 U.S.C. S102 

It is stated on Page 5 of the Office action dated January 28, 2005 that "Merks 
[WO 94/05703] isolated the [20-kDa] polypeptide via SDS gels, this results in a protein band 
which is isolated and free from other polypeptides which would migrate faster or slower." 

Merks expressly refer to the disclosed protein as being only "partially purified." On Page 
1, lines 2-6, Merk states: "The present invention involves a monoclonal antibody (Mab) with the 
specificity for a 20,000 dalton cell surface protein of Neisseria meningitidis, a cell line that 
produces said antibody, and the partially purified 20,000 dalton cell surface protein." (Underling 
added.) See, also Page 5, lines 5-6, where it is referred to as "significantly purified." Thus, the 
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examiner's characterization of it as being isolated and free from other proteins is not consistent 
with Merks's own view of her invention. This is adequate to rebut the rejection since no 
evidence has been presented in the Office action to establish that the 20-kDa SDS-PAGE band 
described by Merks inherently has the property of being isolated. To the contrary, Merks never 
makes this assertion and explicitly states the opposite. 

Although further argumentation is unnecessary, it is further noted that the one- 
dimensional SDS-PAGE gels utilized in Merks to resolve the alleged 20-kDa protein would not 
have produced an isolated protein, nor a protein which is free of other N. meningitidis proteins. 
SDS-PAGE separates proteins based on molecular weight, and typically there will be a mixture 
of different proteins migrating at about the same molecular weight, e.g., proteins having about 
the same weight, but having different amino acid sequences and isoelectric points. In addition, 
proteolysis of larger proteins can occur during sample preparation, resulting in a range of 
proteolytic fragments, including fragments which could migrate to about 20-kDa. Thus, one- 
dimensional SDS-PAGE does not result in isolated proteins as alleged. 

The attached publication by Bernardini et al. (2004) [Exhibit 1] establishes that there are 
numerous proteins that migrate in the molecular weight range of about 20-kDa, and thus would 
not have been separated by one-dimensional gel electrophoresis. Bernardini et al. performed a 
proteome analysis of Neisseria meningitidis using two-dimensional gel electrophoresis. Table 1 
shows the following proteins identified in the publication: 


Spot 

Exp. Mw (Da) 

(94) 

17,539 

(158) 

17,994 

(51) 

18,940 

(255) 

19,349 

(273) 

19,432 

(221) 

19,767 

(224) 

20,629 

(223) 

20,717 

(95) 

21,621 

(222) 

21,714 

(156) 

22,468 

(225) 

22,953 

(300) 

23,659 

(97) 

24,682 


16 


IDB-0001-C01 


§Appl.No. 09/684,883 
Amdt. dated 6/28/05 

Reply to Office Action dated January 28, 2005 


These results expressly demonstrate the presence of multiple species in the range reported by 
Merks. Although Merks utilized an extraction procedure to enrich for outer membranes (e.g., 
Merks, Page 6, line 15; Page 10, lines 15-16), these were prepared from cell lysates and would 
not likely have been free of other cellular proteins. Moreover, at least one of these proteins - 
Spot 221 - which is closest is molecular weight to the 20-kDa protein, is described as a pilus 
assembly protein and a cell envelope structure. See, Bernardini, Page 2910. Given the resolving 
power and sensitivity of one-dimensional SDS-PAGE, it is evident that multiple protein species 
(e.g., at least the additional Spot 221) would have been present in the 20-kDa protein allegedly 
obtained by Merks, thus consistent with Merks own characterization of it as being only "partially 
purified." 

For these reasons, the claims are not anticipated by Merks, and the rejection should be 
withdrawn. 

If there are any remaining issues which could be expedited by a telephone conference, the 
Examiner is courteously invited to telephone counsel at the number indicated below. 

The Commissioner is hereby authorized to charge any fees associated with this response 
or credit any overpayment to Deposit Account No. 13-3402. 


Millen, White, Zelano & Branigan, P.C. 
Arlington Courthouse Plaza I 
2200 Clarendon Blvd., Suite 1400 
Arlington, Virginia 22201 
direct dial: (703)812-5317 
email: lebovitz@mwzb.com 

Attorney Docket No.: IDB-0001-C01 

Date Filed: June 28, 2005 



Respectfully submitted, 
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Neisseria meningitidis Is an encapsulated Gram-negative bacterium responsible for significant 
morbidity and mortality worldwide. Meningococci are opportunistic pathogens, carried In the 
nasopharynx of approximately 10% of asymptomatic adults. Occasionally they enter the 
bloodstream to cause septicaemia and meningitis. Meningococci are classified Into ser- 
ogroupa on the basis of polysaccharide capsule diversity, and serogroup A strains have 
caused major epidemics mainly in the developing world. Here we describe a two-dimensional 
gel electrophoresis protein map of the serogroup A strain Z4970, a clinical isolate classified as 
ancestral to several pandemic waves. To our knowledge this is the first systematically anno- 
tated proteomlc map for AV. meningitidis. Total protein samples from bacteria grown on GC- 
agar were electrophoretlcatry separated and protein species were identified by matrix-assist- 
ed laser desctpttortfonization time of flight spectrometry. We identified the products of 273 
genes, covering several functional classes, including 94 proteins so far considered as hypo- 
thetical. We also describe several protein species encoded by genes reported by DMA 
mlcroarray studies as being regulated m physiological conditions which are relevant to natural 
meningococcal pathogenicity. Since menA differs from other serogroups by having a fairly 
stable clonal population structure {I.e. with a low degree of variability), we envisaged com- 
parative mapping as a useful tool for mlcroevotution studies, in conjunction with established 
genotyplng methods. As a proof of principle, we performed a comparative analysis on the 8 
. subunit of the meningococcal transferrin receptor, a vaccine candidate encoded by the fbpB 
gene, and a known marker of population diversity in meningococci. The results show that 
TbpB spot pattern variation observed in the maps of nine clinical Isolates from diverse epi- 
demic spreads, fits previous analyses based on allelic variations of the tbpB gene. 

Keyword*: Qenocloud/Matrtx-aailrted laser desorptlon/fonizetion mass spectrometry / Meningococcus / 
Two-dimensional oel •lactrophon>af» 
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1 Introduction 

Neisseria meningitidis (meningococcus) Is a Gram-nega- 
tive bacterium that exclusively Infects humans and colo- 
nizes the nasopharynx. Colonization of mucosal mem- 
branes can result In an asymptomatic carriage or, occa- 
sionally, tn a highly Invasive Infection causing IHe- 
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threatening disease. N. meningitidis* is a leading cause of 
septicaemia and meningitis In the world with a few hun- 
dred thousands cases estimated per year, predominantly 
in young children and teenagers [1 , 2]. When N. meningiti- 
dis occasionally crosses the nasopharyngeal epithelium 
and enters the bloodstream, rt can replicate very rapidly In 
the blood, spread to the whole organism and cause septi- 
caemia; furthermore, It can interact with brain micro-vessel 
endothelial cells, cross the blood-brain barrier and even- 


* The complete annotated map wiO be submitted to the EBP Ber- 
lin database at hUpVAvwmpjtO-ber11n.mpg.de/ 
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tually cause meningitis (3, 4]. Meningococcal sepsis, or 
menlngococcemla. occurs in only 5 to 20% of patients, 
and is characterized by an abrupt onset of fever and a 
petechia) or purpuric rash, which may progress to purpura 
fulmlnans. Septicaemia Is often associated with a rapid 
onset of hypotension, acute adrenal hemorrhage and 
multi-organ failure. Despite treatment with appropriate 
antimicrobial agents, the overall case fatality rates have 
remained relatively stable at 9 to 1 2%, with a rate of up to 
40% among patients with Meningococcal sepsis [51 

N. meningitidis isolates are classified Into 12 serogroups 
based on specific immunochemical features of the poly- 
saccharide capsules [6]. Five of these serogroups, 
namely A, 8. C, Yand W135, account for virtually all Iso- 
lates which cause meningococcal disease. The frequency 
of disease differs with the geographical area, ranging 
from annual endemic levels to epidemic levels. While 
endemic Infections (Europe and Americas) are usually 
caused by meningococci belonging to serogroups B and 
C (menB and menC), most of the epidemics/pandemics 
(Africa and China) are caused by serogroup A (menA) 
strains. Interestingly, endemic N. meningitidis isolates are 
rather diverse and without clonal population features, 
whereas epidemic causing meningococci belong to fairiy 
uniform clonal groupings, descending from common 
ancestors p"]. 

Although partially annotated Incomplete proteome maps 
have been previously published for the serogroup B 
MC58 strain [8] and a serogroup C strain [9], this paper 
presents, to the best of our knowledge, the first system- 
atic proteome mapping of a N. meningitidis clinical Isolate 
and establishes the basis for a comprehensive meningo- 
coccal proteome database. For this work we selected the 
serogroup A strain Z4970 for two main reasons: (0 as 
mentioned above, serogroup A meningococci have a 
clonal population structure, and therefore a serogroup A 
reference map is expected to be more easily comparable 
to maps of other epidemiological isolates, thereby facil- 
itating future comparative proteomic studies; (II) strain 
Z4970 is a clinical Isolate described as ancestral to other 
strains responsible for several subsequent epidemics 
[10], As a test of the potential use of the annotated 2-DE 
map data for the study of menA mlcroevolution and epi- 
demiology, we also report a preliminary comparative 
analysis performed on the B subunft of the meningo- 
coccal transferrin receptor, a potential vaccine candidate 
encoded by the fbpB gene which has already been 
described as a useful marker of population diversity for 
meningococci. The results show that the spot patterns 
observed in the 2-DE maps of nine clinical isolates 
belonging to diverse epidemic spreads, are consistent 
with published analyses based on gene sequence typing 
which Included the allelic variants of the tbpB gene [10]. 


Prvteomlcs 2004, 4, 2893-2926 

2 Materials and methods 

2.1 N. meningitidis strain and whole-cell extract 
preparation 

N. meningitidis serogroup A bacteria were grown to con- 
fluence on GC gonococcal agar plates (BD Biosciences, 
Franklin Lakes, NJ. USA) supplemented with 4 g/L glu- 
cose, 0.1 g/L glutamine, and 2.2 g/L cc-carboxyiase, at 
37*C in a humidified atmosphere containing 5% COj. 
Bacteria were harvested from three plates, washed twice 
In 1 0 mL of PBS containing an EDTA-free protease inhibitor 
cocktail (Roche. Mannheim, Germany) and centrifuged at 
8000 x g, for 1 0 mln at 5*C. The pellets were resuspended 
in 1 mL of reswelling buffer (7 m urea, 2 m thiourea. 2% w/v 
CHAPS, 2% wA/ amidosulfobetaine-14 [11), 2% v/v Phar- 
maryte pH 3-10, 2 rru* tributylphosphlne, 1% w/v DTT). 
Benzoase (1 000 U) and MgSO, (2 mM) were added and the 
reaction was incubated at room temperature for 30 mln 
and then centrifuged at 12000 x g, for 2 h, at 15*C. After 
centrifugation, the total protein concentration In the 
supernatant was evaluated by the Bradford method [1 2]. 


2.2 2-DE 

Fifty jig (analytical) or 1 mg (preparative) protein samples 
were brought to a final volume of 700 \iL with reswelling 
buffer and a trace of bromophenol blue. Proteins were 
adsorbed onto an Immobiline DryStrip (18 cm. pH 3-10 
nonlinear gradient) for 6-18 h. IEF was carried out on a 
horizontal electrophoresis system Multlphor II (Amersham 
Biosciences. Uppsala, Sweden). The voltage was linearly 
Increased from 300 to 3500 volts during the first 3 h and 
then stabilized at 5000 volts for 22 h (total 110 kVh). The 
IPG strips were then equilibrated In 6 m urea, 30% w/v 
glycerol, 2% w/v SDS, 0.05 m Trls-HCI pH 6.8, 2% w/v 
DTE end later also with 2.5% w/v iodoacetamlde. Elec- 
trophoresis In the second dimension was carried out on a 
9-16% polyacrylamide linear gradient gel (18x20 
cm x 1.5 mm) with a constant current of 40 mA until the 
dye front reached the bottom of the gel. Analytical gels 
were stained with ammonlaca! silver nitrate as previously 
described [13], while preparative gels were stained with 
colloidal Coomasale G-250 [14], 

2.3 In-gel protein digestion 

Spots from 2-DE were excised from the gel, triturated and 
washed with water. Proteins were in-gel reduced with 
10 mM DTT In 100 mM NH 4 HCO, (45 mln, at 55*C) and 
S-aikyiated with 55 mw Iodoacetamlde In 100 mM 
NH 4 HC0 3 (30 min, at 25*C, In the dark). Gel particles were 
washed with 50 rrw NH,HC0 3 and ACN, dried and rehy- 
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drated with the digestion solution (12.5 ng/jiL of trypsin In 
50 mM NH^HCOj, 5 mM CaCy. After incubation for 1 h, at 
5"C, supernatants were replaced by 50 mM NH^HCQj, 
5 mM CaClj, and gel particles were Incubated overnight, 
at arc. Digest aliquots (1 mL) were withdrawn and di- 
rectly analyzed by MALDI-TOF MS. Gel particles were 
eventually extracted with 1:1 vN 25 mM NH^HCCyACN 
by sonicatJon and peptide mixtures were concentrated. 
Samples were desalted using mZlpTip C18 pipette tips 
(Millipore, Bedford, MA, USA) before MS analysis. 


2.4 MALDI-TOF MS 

Peptide mixtures were loaded on the MALDI target to- 
gether with CHCA as matrix, using the dried droplet 
technique. Samples were analyzed with a Vbyager-DE 
PRO spectrometer (Applied Btosystems, Framlngham 
MA, USA). Peptide mass spectra were acquired In reflec- 
tron mode and data were elaborated using the Data 
Explorer 5.1 software provided by the manufacturer. 
Internal mass calibration was performed with peptides 
derived from trypsin autoproteorysfs. 

PSD fragment Ion spectra were acquired after isolation of 
the appropriate precursor using timed ton selection. 
Fragment Ions were refocused onto detector by stepping 
the voltage applied to the reflection In the following ratios: 
1 ,000 (precursor Ion segment), 0.960, 0,750, 0.563, 0.422, 
0.31 6, 0.237, 0.1 78, 0.133, 0.1 00, 0.075, 0.056 and 0.042 
(fragment segments). Individual spectral segments were 
acquired In linear mode and were superimposed by using 
Data Explorer 5.1 software (Applied Btosystems). All pre- 
cursor ton segments were acquired at low laser power 
(variable attenuator = 1 950) for toss than 200 laser pulses 
to avoid saturation of the detector. The laser power was 
Increased 200 units for ell remaining segments of the PSD 
acquisitions. Typically. 300 laser pulses ware acquired for 
each fragment-Ion segment. PSD data were acquired 
with an Acqulrts digitizer at a digitization rate of 500 MHz. 


2.6 Protein Identification 

The Profound software package was used to Identify spots 
from independent nonredundant sequence databases by 
PMF experiments (15]. Candidates with ProFound esti- 
mated Z scores > 2 were further evaluated by the compar- 
ison with M, and pi experimental values obtained from 2-DE. 
The occurrence of protein mixtures was ascertained by 
sequential searches for additional protein components 
using unmatched peptide masses. The Protein Prospector 
software package was used to identify spots from Inde- 
pendent nonredundant sequence databases using frag- 
ment tons obtained from PSD experiments (1 6], 
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2.6 In silico ana ry sis of 2-DE maps 

The dtgltaiized images were obtained by scanning the 
gels with a Laser Densitometer (4000 x 5000 pixels; 121 
bits/pixel; Molecular Dynamics, Sunnyvale, CA, USA) fol- 
lowing qualitative and quantitative analysis by Meianle II 
2D-PAGE and PDQuest softwares (Bto-Rad, Hercules, 
CA, USA). Spot Intensity values were obtained In pixel 
units and normalized to the total absorbance of the gel. In 
order to evaluate experimental pi and M, coordinates for 
each single spot, N. meningitidis samples were coml- 
grated with a protein extract of Saccharvmyces cenvt- 
siae strain K310, whose proteomlc 2-DE map Is well 
characterized (17, 18]. Computation of theoretical pJ/M t 
and subcellular localization prediction for identified pro- 
teins were performed with the Compute pt/M, tool at the 
ExPASy server (http^/www.expaay.ch/tools/pLtool.htlm) 
and PSORT-8 program for Gram-negatrve bacterial * 
sequences (hrtp7/wwv/.psort.org/) [1 9], A validation of pi/ 
M, calibration of our gels was obtained by comparing the 
distribution of theoretical and experimental values and 
confirmed by MS-de rived identification which allowed 
additional reference spots to be used for more reliable gel 
matching. 


3 Results and discussion 

3.1 Protein separation, Identification and 
quantification 

A menA, whole-cell protein extract was separated on a 
2-DE gel covering the pH 3-10 (IPG nonlinear gradient) 
and M r 8-200 kDa (linear gradient) ranges. The gel was 
loaded with 1 mg of protein sample and stained with col- 
loidal Coomassle blue. Usfng Meianle II 2-D PAGE analy- 
sis software, approximately 1220 protein spots were 
resolved, as shown In Fig. 1 A. Gels loaded with 50 pg 
protein followed by sliver staining were also produced. 
This type of gel (Fig. 1B) resolved 1518 spots. Reproduc- 
ibility was assessed by comparing six replicas of the gels 
which were perfectly superimposable (data not shown). 
Proteins spots were annotated only If detectable In all 
gels. Fig. 2 shows four details of a Coomassle-stalned 
2-DE gel, where the Identified proteins are Indicated and 
numbered. 

Spots from one single Coomassie-stained gel or from 
three sliver-stained gels were excised and analyzed for 
protein Identification by MALDI-TOF MS. A peptide mass 
fingerprint procedure was generally adopted. In some 
cases, a verification of the Identified species was 
obtained by PSD analysis of one or more tryptic peptides. 
The peptide fingerprint and PSD spectra of peptides de- 
termining the Identification of two putative proteins, 
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namely putative cysteine synthase (spot 56) and putative 
potyamlne permease substrate-binding protein (spot 
1 04), are reported as examples (Fig. 3). Four spots (1 69a, 
1 84, 1 95, 310) were found to contain overlapping proteins 
either in Coomassle- or sllver-stalned gels. The presence 
of multiple proteins within the same spot did not Impair a 


reliable Identification. Out of a total of 287 protein spots 
analyzed, 273 proteins were Identified, which corre- 
sponds to approximately 13% of the 2121 ORFs pre- 
dicted from the genome sequence [20]. A complete list of 
the identified proteins Is reported In Table 1 . The reliability 
of Identification was evaluated by comparing the expert- 
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mentally determined pl/M, values of the proteins with the 
theoretical coordinates predicted from N. meningitidis 
translated gene sequences using the program Tagldent 
from the ExPASy server [21 J. 

Of the proteins annotated In the map here reported, 1 8 
proteins were classified in the Swiss-Prut database as 
hypothetical, 71 as putative, four as probable and one as 
possible. We thus establish In this work the expression of 
94 proteins whose existence was not so far demon- 
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strated. Table 2 lists the 20 proteins with the highest spot 
volume in the map, altogether accounting for around 30% 
of the total spot volume. Spots containing overtapping 
peptides were excluded from this evaluation. The pres- 
ence among the most abundant proteins of elongation 
factors, outer membrane proteins and chape rones, as 
well as proteins generally Involved in protein synthesis, 
was In good agreement with that reported for the pro- 
teomes of other bacterial pathogens {22J. The high 
recovery of elongation factor Tu Is consistent not onhy with 
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Figure 2. Four zoomed details 
(A, B, C, D) of the proteome map 
of strain Z4970 shown In Fig. 1. 
Spot numbering refers to Table 1 
which reports protein Identifica- 
tion by MS analysis. 


its role tn translation elongation, but also wtth Its chap- 
erone properties in protein folding, as found in Escher- 
ichia coS [23]. Moreover, in N. meningitidis enzymes 
necessary for amino acid biosynthesis and energy me- 
tabolism also seem to be expressed In quite high 
amounts. An In siiico evaluation of the subcellular loca- 
lizations of the most abundant protein species, shows 
that these Include the cytoplasm, and the Inner and 
outer membranes, thus Indicating that the 2-DE map 


allowed to separate proteins having different hydro- 
phllic/hydrophobta features to be separated. The pre- 
dicted cellular localization was obtained by using the 
PSOFIT-B program [19] adopting the cut-off value of 7.5 
suggested by the program ItseH. Subcellular localization 
was also obtained directly from Swiss-Prot entries. Aa 
reported In Table 1, when all the possibilities were 
equally probable the notation U (for unknown) was 
adopted. 


© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinhelm 


www.proteornics-journaJ.de 


Protaomics 2004, 4, 2893-2926 


a 


Mil 


i 


t 

i 

i ai« 


*1 


la it 


2-DE map of meningococcus A 2899 


1 



It 


Mass (zo^> 

Figure 3. MALD1-T0F MS analysis of N. meningitidis protein spots 66 and 104. Peptide mass fln- 
maT^V^o^ 01 **** d ' 9estS from 8pots 666 and 104 are 8h own in (A) and (C), respectively 
^^° Q /,£^f Sp6Ctra ° f th ° P 6 ^ 6 Whh rn0TOl80 ^ c MH* signal at m//l358.84^m A) 
and 1603 94 (from C) are shown In (B) and (D), respectively. Measured mass values and as^ed 
fragment bra are Indicated. The proteins were Identified as cysteine synthase and polyamine per- 
mease substrate-binding protein, respectively, n.rwper 


3.2 M, and p/ of identified protein species 

Identified proteins ranged from theoretical p/ 4.55 (spot 
146) to 9.04 (spot 169) and from theoretical M, 156 kDa 
(spot 301) to 15 kDa (spot 258). M, and p/ values of pro- 
tein spots were experimentally determined and com- 
pared with gene-deduced M/pt coordinates (Table 1). 
The theoretical M/p/ distributions were predicted using 
the ExPASy server Tagident tool [21] on N. meningitidis 
proteins present In the Swiss-Prot/T rEMBL databases. 
The majority of gel estimated and theoretical M/pi 
values matched quite well (Fig. 4) at least within a win- 
dow of M t values between 20 and 60 kDa and pi values 
from 4.5 to 6.8. Interestingly, alt the proteins showing the 
greater discrepancy between theoretical and experi- 
mental pf values are hypothetical or putative proteins 
and most of them were found to be more acidic than 
predicted. 

When M, differences were considered, both tower and 
higher experimental values respective to theoretical ones 
were observed. Besides the possibility of genomic anno- 
tation errors, lower M, values coutd be due to post-trans- 
latlonal processing or proteolysis, while higher M, could 
result from PTM causing covalent binding of chemical 
groups to the amino acid backbone without significantly 


modifying the pi. Alternatively, a cause of discrepancy 
can be an anomalous electrophoretlc mobility peculiar to 
a given protein. This Is for instance the case for reduction 
modified protein Meningococcus (RmpM), atlas class 4 
outer membrane protein, which has a theoretical M, of 
about 25 kDa or 23 kDa for the mature form without the 
AMermlnal signal peptide, but displays an electrophoretic 
mobility yielding an apparent M, of about 32 kDa In SDS- 
PAGE [24). A similar observation was reported tor the 
correspondhg RmpG protein in gonococcus [25], and for 
the neuronal phosphoprotetn DARPP-32 [26]. Glycosyla- 
tlons and lipldatlons are the moat probable modifications 
causing the M r changes observed. Upldation Is Involved 
In PTM of dlhydrollpoamlde S-ecetyttransferase (spot 88) 
and dlhydrollpoamide dehydrogenase (spots 86 and 142) 
which are, together with pyruvate dehydrogenase (spot 
127), functional parts of the outer membrane pyruvate 
dehydrogenase complex. They share the same rV-terml- 
nal lipoyl-domain [27) which Is probably also contained In 
the structure of putative dlhydrollpoamlde dehy- 
drogenase (spots 69, 199). Upld modification of pre- 
llpoprotelns Is a key biochemical pathway necessary to 
allow protein localization on the bacterial cell surface and 
Is essential for growth and viability In £ coif and Salmo- 
nella typhimurium [28J or for virulence in Streprococcus 
pneumoniae [29]. 
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Tab to 1. List of proteins Identified in N. meningitidis serogroup A strain Z4970 


Proteomics 2004, 4, 2893-2926 


Spot Protein name (SW/Tr) 


Gens Nb - Acc. M Ceti" Functional 
classification 


Theor. Theof. Exp, Exp. Sequence 
AUDa} P'tpH) P>(PH) coverage (%) 


22 
23 
29 


Serine hydroxymethyi- 

trasterase 
Putative dtrate 

synthase 
Putative citrate 

synthase 
Giutamine synthetase 

Hypothetical protein 

NMA1557 
Gtutaredoxln 
Ghrtaredoxin 
PhosphortbcsyHormyl- 

gtydnajnldifw 

synthase 


30 ClpB protein 


31 


34 


35 


36 


37 Possible periplasmlc 

protein 

38 Methyfcftrata 

synthase/citrate 
synthase 2 

39 PorinA 

40 PorinA 

46 Phosphoenolpyruvate 

carboxylase 
47e Trensferrtn-blndng 

protein B 


gtyA 1254 Q9XAY7 C 
OttA 1146 Q9JQX0 C 


Amino acids biosynthesis 

(serine family) 
Energy metabolism (tri- 
carboxyfjc acid cycle) 
Energy metabolism (tri- 
carboxylic acid cycle) 
Amino acids biosynthesis 
(gtutamste family) 
1557 Q9JU05 IT Unknown 


QltA 1148 O9JQX0 C 


gtnA 2128 09JSU6 C 


1141 Q9JQS4 C 
1141 Q9J0S4 C 
purl 0445 09JWC5 C 


Putative polyribonu- 
cleotide nudeo- 
tidyttransferase 

32 Putative maflose 

phosphorylase 

33 Dlhydroxy-acld 

dehydratase 
Putative threonine 

synthase 
Putative formate-tetra- 

hydrofolate llgase 
Proline 
dehydrogenase 


dpB 1683 Q9JTP9 II* 

pnp 0969 Q9JV72 C 

mapA 2098 09JSW8 U* 

itvO 1361 Q9JUE0 IKc)- 

thrC 1440 09JU91 U* 

fhs 0617 Q9JVY8 U{c)* 

pulA 2084 Q9JSY1 C* 

0282 Q9JWN5 U* 

p/pC 2054 09JRA5 U(c)' 


Detoxification 
Detoxification 

Purines, pyrimldhes, 

nudeosklas and 

nucleotides (purine 

ribonucleotide 

biosynthesis) 
Degradation of 

macrornotecules 

(proteins, peptides 

end glycopeptides) 
Degradation of 

macromolecules 

(RNA) 
Degradation (carbon 

compounds] 
Amino acid biosynthesis 

(branched chain family) 
Amino acids biosynthesis 

(aspartate family) 
Central intermediary 

metabolism 
Degradation of macro- 

molecules (proteins, 

peptides and 

glycopeptides} 
Cell envelope 

(periplasmlc proteins) 
Miscellaneous 


44 987 6.32 44 341 6.76 30 

48 121 6.33 44 438 6.75 51 

48 121 6.33 44 208 6.75 3B 

52 076 5.20 62 481 5.28 26 

56 633 5.11 58 203 5.28 34 

26 911 4.80 27 460 4.67 60 

26 911 4.80 27 414 4.61 44 

143 791 5.26 nd 4.99 29 


95 093 5.45 84 015 5,39 42 

76 258 5.35 76 414 5.36 32 

B5 4B3 5.63 78 011 5.75 18 

66 657 5,78 69 316 6.09 27 

51 785 5.64 50 349 5.52 41 

59 122 5.85 59 047 6.47 32 

136 326 6.36 nd 6.22 24 

46 119 6.68 45 482 6.56 39 

42 816 8.61 42 811 6.85 39 


porA 1642 Q9JPT8 tN/OM Cell envelope (membranes, 41 661 8.90 40 270 nd 88 
lipoprotein and porins) 

port 1642 Q9JPT6 IN/OM Ceil envelope (membranes, 41 661 8.90 40 689 nd 77 
lipoprotein and portns) 

ppc 0374 09JWH1 U(c)* Energy metabolism Ctrl- 101 071 6.26 nd 6.55 24 
carboxylic acid cycle) 

tbpB 2025 068937 IT Pathogenicity 75 176 8.27 78 590 B.51 28 
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Table 1. Continued 


2-DE map of meningococcus A 2901 


Spot Protein name (SW/Tr) Gens Nd* Acc. q Celfl Functional 

classification 


Theor. Theor. Exp. Exp. Sequence 
H(Pa) p/{pH) H(Da) p/(pH) coverage f>) 


47b Transterrta-blnding 

protein 6 
50 Outer membrane 

protein class 4 


tbpB 2025 068937 IT Pathogenicity 


75176 6.27 
26140 6.53 


rmpM 2105 P38367 IM/0M Cell envelope (surface 
polysaccharides, 
llpoporysaccharides 
and antigens) 

1094 Q9JUX7 Utc)' Conserved hypothetical 20 954 6.60 


42 467 5.67 
42467 5.67 
44 742 5.57 


51 Hypothetical protein 

NMA1094 

52 OlutamatB gdhA 1964 Q9JT56 IT Amino adds biosynthesis 46 462 5.80 

dehydrogenase (glutamate family) 

53 ATP synthase atpA 0517 09JW72 U(c)* Energy metabolism (ATP- 55 318 5.57 

alpha chain proton motive force) 

54 Acetate kinase 1 ackA1 1718 Q9JTM0 C* Energy metabolism 

(respiration) 

55a Acetate kinase 1 ackl 1718 09JTM0 C* Energy metabolism 

(respiration) 

55b Cysteine deaulrurase IscS 1594 O9JTX0 U(c)* Miscellaneous 

56 Elongation factor G fusA 0135 Q9JX07 C Synthesis and modification 77 215 5.08 

of macromoiecules 
(protein translation and 
modification) 

57 Elongation factor Tu tut 0134 09JW5 C Synthesis and modification 42 908 5.07 

of rnacromoleculea 
{protein translation and 
modiricatlon) 

58 Section transfer etfA 0241 Q9JWU3 U(c)* Energy metabolism 32 526 4 92 

flavoprotem (respiration) 
elpha-subunit 

59 Elongation factor Ts tsf 0327 Q9JRH4 C Synthesis and modification 30 329 5.30 

of macromolecules 
(protein translation and 
modification) 

60 Putative tnoslne-5'- guafl 1372 O9JUD0 U(c)' Purines, pyrtmldines, 52 367 6.72 

monophosphate nucleosides end nu- 

dehydrogenase cleotides (purine ribonu- 

cleotide biosynthesis) 

61 CTP synthase pyrG 1742 09JTK1 U(c)* Central Intermediary 59B16 5.57- 

metabolism 

62 Putative dlhydrollpo- /pdW3 1151 Q9JUT1 C* Energy metabolism (pyru- 50135 5.90 

amide dehydrogenase vats dehydrogenase) 

E3 component 

63 BlfunctionaJ purine purti 1182 Q9JUQ8 U* Purines, pyrimidines, 57 435 5.85 

biosynthesis protein nucleosides and nu- 

purt* cleotides (purine ribonu- 

cleotide biosynthesis) 

64 PorinB pore 0398 P57042 IN/OM Cell envelope 35 543 7.11 

(membranes, lipoprotein 
andporins) 

65 Succlnyl-CoA synthetase sucD 1154 09JUS9 U|cr Energy metabolism (bl- 30 579 5.78 

alpha tubunit carboxyllc acid cycle) 


78 590 6.72 20 
32 129 6.42 67 

18 940 6.87 57 

44 696 6.01 67 

57 588 5.77 35 

42 146 .5.92 75 

42 477 5.76 50 

42 477 5.76 

81 713 5.05 60 

44 347 5.01 60 

29 907 4.87 43 

32 298 5.29 65 

53 961 6.87 52 

70 347 5.79 33 

52 782 6.03 40 

55 384 6.40 41 

32065 6.84 71 

32 168 6.33 53 
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Table 1. Continued 


Proteomics 2004,4, 2893-2926 


Spot Protein name (SW/Tr) Gene Nb* Ace. 1 * Call* 3 Functional Theor. Theof. Exp. Exp. Sequence 







classification 

H(0a) 

p/(pH) 

H(Da) 

pi (pH) 

coverage (%) 

6S 

Putative cysteine 

cysK 

0974 

Q9JQL6 U(c)' 

Amino acids biosynthesis 

32 820 

6.06 

32 581 

6.47 

65 


synthase 




(serine family) 






67 

ATP synthase 

atpD 

0519 

Q9JW70 U(c)* 

Energy metabolism (ATP- 

50 394 

4.92 

48 203 

4.94 

58 


beta chain 




proton motive force) 






68 

Outer membrane 

omp85 0085 

09JX31 OM* 

Cell envelope (membranes. 88 404 

8.65 

60 374 

nd 

17 


protein 0mpS5 




lipoprotein and porlns) 





69 

Putative dlhydro- 

lpdA2 

1142 

Q9JUT5 V 

Energy metabolism 

50 747 

5.95 

51 271 

6.66 

37 


llpoamlde 




(pyruvate 






dehydrogenase 




dehydrogenase) 






70 

Putative 2-oxogltrtarate 

sucA 

1149 

Q9JRJ8 U(c) 1 

Energy metebollsm (tri- 

105 082 6.24 

nd 

6.68 

31 


dehydrogenase El 




carboxylic add cycle) 







component 










71 

Putative Isocitxate 

led 

1116 

Q9JUV7 U* 

Energy metabolism {tri- 

79 995 

5.57 

77 781 

5.58 

45 


dehydrogenase 




carboxylic acid cycle) 






72 

Aspartyt-iRNA 

asps 

2019 

Q9JT23 C 

Central Intermediary 

67 976 

5.38 

72 243 

S.38 

47 


syrtthetase 




metabolism 






73 

BiosyntheUc arglnine 

spaA 

2017 

09JT25 PS* 

Central Intermediary 

70 901 

5.46 ' 

72 779 

5.60 

16 


decarboxylase 




metabolism 






76 

Threonyt-tRNA 

thrS 

0929 

G9JVA3 C 

Synthesis and modification 72 689 

5.75 

75 852 

8.00 

26 


synthetase 




of macromoJecules (ami- 










noscyl tRNA synthetases 











and their modification) 






77 

Putative amidephospho- purf 

0892 

09JVC9 U(c)* 

Purines, pyrtmldfnes, 

56 010 

5.96 

55 384 

8.09 

29 


ribesyttransf erase 




nucleosides and nu- 











cleotides (purine ribonu- 











cleotide biosynthesis) 






78 

Putative acetyt-CoA 

accC 

0596 

Q9JW07 U(c)* 

Patty add biosynthesis 

49 657 

5.83 

56 758 

5.26 

48 


carboxylase blottn car- 











boxylase component 










79 

Fumarate hydratase 

tumC 

1670 

Q9JTR0 C 

Energy metabolism (tri- 

49 391 

5.83 

46 993 

6.21 

44 


class 11 




carboxylic acid cycle) 






80 

Putative ztnc-blndlno 


0808 

Q9JVJ8 WN* 

Degradation (carbon 

37 888 

5.31 

44 361 

5.32 

53 


alcohol dehydrogenase 



compounds) 




81 

Glutamine synthetase 

glnA 

2128 

09JSU6 c* 

Amino adds biosynthesis 

52 076 

5.20 

61 496 

5.25 

46 






(glutsmata family) 






82 

O-succinylhornoeerine 

meiZ 

1808 

Q9JTE7 C* 

Amino acids biosynthesis 

41 966 

6.27 

39 752 

6.74 

51 


suWhydrolase 




(aspartate family) 





83 

Putauve ABC-transporter 


1409 

09JUB3 INN* 

Transport/binding proteins 

60 723 

5.04 

66 901 

4.99 

47 


ATP-bindlng protein 




(other transporter) 






84 

Septum site-determining minD 
Droteb 

0100 

09JQY6 U(c)* 

Cell division 

29 559 

5.70 

27 088 

5.97 

44 

85 

ODgopeptldase A 

prtC 

0054 

09JX57 C* 

Degradation of macro- 

76 013 

5.20 

70 660 

5.00 

38 






molecule a (proteins, 











peptides and glyco- 











peptides) 






B6 

Dlhydrollpoamide 

IpdA 

1556 

09JU08 C* 

Energy metabolism (pyru- 

62105 

5.07 

72136 

4.94 

41 


dehydrogenase 




vate dehydrogenase) 






87 

Putative GTP-binding 

typA 

1370 

Q9JU02 C* 

Broad regulatory functions 

67 257 

5.04 

72 779 

4.99 

61 


protein 
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Table 1. Continued 


2-DE map of meningococcus A 2903 


Spot Protein name (SW/Tr) Gene Nb« Acc« Cell" Functional Theor. Theor. Exp. Exp. Sequence 
Cassation H(Da) p/(pH) AUDa) Pf(pH) coverage (%) 


88 

Dihydrollpoamlde 

bcbF 

1555 

O9JU07 INN* 

Energy metabolism (pyru- 

55174 

5.23 

75 072 

5.07 

28 


S-acetyttransrerase 




vate dehydrogenase} 




component of 










pyruvate dehydrogen- 










ase complex 










89 

Putative aspartate 

sspC 

0719 

Q9JVS3 C 

Amino acids biosynthesis 

44 016 

5.69 

39 240 

6.09 

49 


aminotransferase 




(aspartate family) 



90 

Carbamoyl-phosphatB 

carA 

0608 

Q9JV26 U(cr 

Purines, pyrimidines, 

40 604 

5.45 

42 311 

5.36 

34 


synthase small chain 




nucleosides end 
nucleotides (pyrimldine 
ribonucleotide 
biosynthesis) 


91a 

Trigger factor 

tin 

ug 

1526 

Q9JU32 U(c]* 

TransporVblnding proteins 
(other transporter) 

46 326 

4.78 

52 591 

4.71 

46 

91b 

Putative phosphate 


0841 

Q9JVH2 U(c)* 

Degradation (carbon 

52187 

4.79 

52 591 

4.71 



acyttrsnsferase 




compounds) 




92 

TNoredoxIn reductase 

trxB 

1538 

0SJU23 C" 

Purines, pyrimidines. 

33 702 

5.16 

29 051 

5.03 

66 






nucleosides and nu- 










cleotides (2'-deoxyribo- 











nucteotWe metabolism) 






93 

Putative malonyl CoA- 

fabD 

0536 

Q9JW58 Ufc)* 

Fatty acid biosynthesis 

31 699 

5.11 

28 365 

5.02 

53 


acy! carrier protein 








transacytase 










94 

Hypothetical protein 


0604 

Q9JW0O U* 

Conserved hypothetical 

21 221 

6.52 

17539 

6.86 

77 


NMA06O4 




protein 



95 

Putative regulator 

regF 

0498 

Q9JW85 U(c)* 

Broad regulatory 

23 106 

6.53 

21621 

6.85 

64 


of PUE expression 




function! 



97 

Putatfvs ferredoxin- 

tpr 

1442 

Q9JRE3 U(c)* 

Energy metabolism 

29 313 

5.73 

24 682 

6.00 

60 


NAOP reductase 




(respiration) 



98 

Putative UDP-W-acetyl- 

sacA 

0199 

068214 U* 

Cell envelope (surface 

41 703 

5.91 

38 237 

6.26 

41 


o-glucosamine 




polysaccharides, 




2-epimerese 




lipopotysacchaddes 
and antigens) 






99 

AminomethyHians- 

gtvT 

0758 

Q9JVP2 U(c)* 

Degradation (amino acids 

39 910 

5.95 

37 844 

6.19 

38 


ferasa 




and amines) 




100 

Aldehyde 

BldA 

0480 

Q9JW97 C* 

Energy metabolism 

52 255 

5.26 

53143 

5.28 

40 


dehydrogenase A 




(fermentation) 


101 

Argininosuccinate 

arpG 

0303 

Q9JWM1 C 

Amino acids biosynthesis 

46 757 

5.24 

51 086 

5.2S 

64 


synthase 




(glutamate family) 




102 

Aspartyl-fllutamyt-tflNA 

gatB 

1570 

09JT23 U(c)* 

Synthesis and modifi- 

51 876 

5.22 

52401 

5.25 

49 


(Asn/GIn) amidotrans- 




cation of macromo- 



ferase aubunit fi 




tecutes (aminoacyt 
tRNA synthetases and 
their modification) 






103 

Phosphogr/cerate 


0257 

Q9JWS8 C 

Energy metabolism 

40 681 

5.17 

40165 

5.02 

30 


kinase 




(glycolysis 




104 

Putative potyamlne 


2023 

O9JT20 PS* 

Transport/binding 

41357 

5.54 

38 736 

5.05 

41 


permease substrate- 




proteins (amino acids 




blndfng protein 




and amines) 
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Table 1. Continued 


Proteomics 2004, 4, 2893-2926 


Spot 

Protein name (SW/Tr) 

Gene 


Ace 1 * Cell*' 

Functional 

Theor. 

Theor, 

Exp. 

Exp. 

Sequence 






classification 

A^(Oa) 

nl fnkfl 

P' IP"J 


pt (pH) 

coverage (%) 

105 

RecA protein 

recA 

1658 

P56987 C 

Synthesis and modifi- 

37 612 

5.11 

37 844 

5.05 

69 






cation of macrwnc- 











tecules (DNA replication, 











reatnctwrVmodlflcatlon, 











recombination and 











repair) 






106 

DNA-dlrectod RNA 

rpoA 

0103 

09JR08 U(c)* 

Synthesis and modification 36 076 

4.94 

39 649 

4.93 

45 


polymerase alpha 




of macromoiBcules 







subunft 




(RNA synthesis, RNA 











modification and DNA 











transcription) 






107 

Sucrtnyl-CoA synthe- 

sucC 

11 3 

nn n rrn i im* 
UaJUlU U(CJ 

Energy metabolism (tri- 

41 323 

5.07 

38 436 

4.93 

26 


tase beta chain 




carboxylic acid cycle) 






108 

Olhydroiipoamlde 

sucB 

1 150 

Q9JUT2) INK* 

Energy metaboflsm (tri- 

41 516 

5.14 

39 752 

4.96 

33 


putative aucclnyt- 




carboxylic add cycle) 







transferase E2 











component 










109 

Sucdnyl-CoA synthe- 

sucC 

1153 

O9JUT0 U(c)* 

Energy metabolism (tri- 

41 323 

5.07 

38 139 

4.96 

33 


tase beta chain 




carboxyllc add cycle) 






110 

Succlnyl-CoA synthe- 

sucC 

1153 

Q9JUT0 U(c>* 

Energy metabolism (tri- 

41323 

5.07 

37 260 

4.95 

30 


tase beta chain 




carboxylic acid cycle) 






111a Transaidolaae 

tsl 

2136 

Q9JSU1 C 

Energy metabolism 

37 317 

5.09 

34 476 

5.10 

39 






(pentose phosphate 











patway) 






111b Aspartate- wmlaldehyde asd 

0351 

P57008 IT 

Amino adds biosynthesis 

40 043 

5.30 

35108 

5.28 

39 


dehydrogenase 




(aspartate family) 






112 

Adenylosucclnste 

purA 

1024 

Q9JV25 C 

Purines, pyrtmldfnes, 

45 946 

5.77 

48 731 

6.00 

37 


synthetase 




nucleosides and 











nudaotides (purine 











ribonucleotide 











biosynthesis) 






113 

Putative cysteine 

cysX 

0974 

Q9JQL8 U(c)* 

Amino acids biosynthesis 

32 820 

6.06 

32 399 

6.06 

45 


synthase 




(serine family) 






114 

Putative pQus 

ptlT2 

0979 

Q9JV63 C* 

Cell envelope 

41 419 

6.15 

39 752 

6.54 

53 


retraction protein 




(surface structures) 






115 

i-lactate 

lldA 

1592 

Q9JTX1 U* 

Energy metabolism 

43 486 

6.98 

4i ooe 

6.67 

40 


dehydrogenase 




(respiration) 






116 

Putative periplasms 

0165 


Q9JWY8 U' 

Ceil envelope (pertplaamlc 

45 582 

7.78 

44 5S3 

6.87 

64 


protein 




proteins) 






117 

Glutamyl- tRNA 

QttX 

0250 

09JWT4 C 

SyrUbesij and modification 52 470 

5.46 

55 535 

5.54 

34 


synthetase 




of mscromolecules {ami- 











noacyl tRNA synthetases 











and their modification) 






118 

Glucose 6-phosphate 

zwt 

1609 

Q9JTW0 U(C)* 

Energy metabolism 

54 106 

5.36 

53 361 

5.53 

44 


1 -dehydrogenase 




(pentose phosphate 











patway) 






119 

Glutamyt-tflNA(Gtn) 

gatA 

1568 

Q9JTZ5 U' 

Synthesis and modification 51 338 

5.55 

51 458 

5.59 

31 


amidotranifenue 




of macromolecutes (ami- 







subunft A 




noacyi tRNA synthetases 











and their modification) 
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Tabte 1. Continued 


2 -DE map of meningococcus A 2905 


Spot ProtemrarnetSW/Tr) Gene Nt>" Ace. 1 * Cell** Functional Theor. Thwr. Exp. Exp. Sequence 
classification H(0a) p/(pH) H(Da) P /(pH) coverage (%) 

120 Seryl-fflNA synthetase ser$ 1943 09JT77 C Synthesis and modifi- 47 962 5.60 50 532 5.89 69 

catkin of macromole- 
cules (aminoacyl 
tRNA synthetases and 
their modification) 

121 Chaperone protein dnaK 0736 Q9JVQ9 U(c)- Transport/binding proteins 68 906 4.79 74 080 4.74 29 

dna* (other transportera) 

122 ABC transporter 2101 09JSW5 INN* Transport/binding proteins 62 086 5.23 68 907 5 38 54 

ATP-Wndlng protein {other transporters) 

123 Putative amfnopeptktesa 1640 09JTT6 Utc)* Degradation of macro- 71 764 5.70 68 098 5.31 26 

molecules (proteins, 
peptides and glyco- 
peptldes) 

124 Pyruvate kinase pykA 0177 09JWX8 U(c)' Energy metabolism 52 465 5.33 67 597 5.35 49 

^ (glycolysis) 

125 Putative succinate sdhA 1145 09JUT3 PS* Energy metabolism (trl- 64 460 5.89 69 521 6 01 19 

dehydrogenase carboxyllc add cycle) 

flavoprotBin subunit 

126 AcetolactatB synthaae M 1766 Q9JTI1 IT Amino acid biosynthesis 62 784 5.88 65 726 5 96 42 ' 

isozyme IB targe (branched chain family) 

subunit 

127 Pyruvate dehydrogenase aceE 1554 Q9JU08 U* Energy metabolism (pyru- G9 563 5.58 84 547 5 84 48 

E1 component 

129 Transkfitolase tkt 1669 Q9JTR1 U(c 

132 Putative [Ipoprotein 0281 Q9JWN6 Ufc 

134 Probable D-lactase .dW 1205 Q9JUP8 U(c 

dehydrogenase 

135 60 kOa chaperonln gruEL 0473 P57006 C 

137a Methlonyi-tRNA mefG 0275 09JWP0 C 

synthetase 

137b Transkatotaae tkt 1669 Q9JTR1 life] 


6-phosphata 
aminotransferase 
(Isomerizlng) 

141 Chromosomal dnaA 0552 09JW45 U(c)' Synthesis and modification 57 986 5.80 68 400 6 08 31 

replication Initiatlor of macromolecules (DNA 

protein dnaA replication, restriction/ 

modification, recombina- 
tion and repair) 

142 Drhydrollpoamide IpdA 1556 0SJU06 C* Energy metabolism (pyru- 82105 5 07 75 852 4 94 36 

dehydrogenase vata dehydrogenase) 


vate dehydrogenase) 






Energy metabolism 
(pentose phosphate 
patway) 

71 743 

5.44 

74 409 

5.46 

49 

Cell envelope (membrane, 
lipoproteins and porins) 

42 260 

4.80 

44 131 

4.66 

54 

Energy metabolism 
(respiration) 

63 426 

6.32 

69 727 

6.77 

29 

Transport/binding proteins 
(other transporters) 

57 456 

4.S0 

65 532 

4.83 

66 

Synthesis and modification 76 984 
of macromoiecuies (ami- 
noacyl tRNA synthetases 
and their modification) 

5.36 

74 409 

5.35 

32 

Energy metabolism 
(pentose phosphate 
patway) 

71 743 

5.44 

74 409 

5.35 

24 

Central intermediary 
metabollt m (amino 
sugars) 

66 440 

6.02 

71 817 

6.37 

33 
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Table 1. Continued 

Spot Protein name (SW/Tr) Gene Nb" Ace.** Coif 3 Functional Theor. Theor. Exp. Exp, Sequence 

. classification H(Da) p){pH) H(Pa) p/(pH) covefage (%) 

144 Enolase eno 1495 09JU46 C Energy mettbollsm 46 106 47B 44 541 47 6 46 

(glycolysis) 

145 Gkrtaminyl-tRNA gtnS 1748 P57000 C Synthesis end modification 64 769 5.83 70 244 6.16 43 

synthetase of macromolecules (flmi- 

noacyl tflNA synthetases 
and their modification) 

146 NulilfeatJon substance nusA 1896 09JTB6 U{c)* Synthesis and modification 56 418 4.55 67 997 4.57 33 

protein A of macromolecules 

(RNA synthesis. RNA 
modification and DMA 
transcription) 

147 Ceil division protein ftsZ 2057 Q51130 C Cell division 41 487 4.94 40 479 4.90 72 

ftsZ 

148 5-methyttetrBhydrop- metf 1140 09JUT6 U(c)' Amino adds biosynthesis 85 122 5.31 79 877 5.35 32 

teroyltriglutamate-ho- (aspartate family) 

mocystBine 

methyttransl erase 

149 PuUtrvephoa- ppsA 0826 09JVI5 C* Centml inUrmedlary 87 208 5.01 82 335 4.92 34 

phoenotpyruvate metabolism 
synthase (gluconeogenesls) 

151 Type Wpllus assembly pilF 2159 G9JR75 C* Cell envelope (surface 61 865 5.42 66 213 5.58 46 

protein structures) 

152 30Sribosomal rpsA 1515 Q9JU38 C* Synthesis end modification 61 234 4.98 68 299 4.93 63 

protein S1 of macromotecuies (ribo- 

somal protein synthesis 
and modification) 

153 Lysyl-tflNA synthetase fysS 1638 Q8JT77 C Synthesis and modification 57 264 5.34 57 804 5.35 51 

of macromotecuies (ami- 
noacyl tRNA synthetases 
and their modification) 

154 GMP synthase (gluts- guaA 0534 Q9JW60 Uf,c)' Purines, pyrimltfines, 57 730 5.53 54 313 5.53 35 

mine-hydrolyzlrtg) nucleosides and nu- 

cleotides {purine ribonu- 
cleotide biosynthesis) 

155 Probable sulphate cysW 1364 09JUD7 C" Central Intermediary 46 838 5.15 46148 5.04 45 

adenylate transferase metabolism (sulphur 

aubunit 1 metabolism) 

156 Putative two-component 0798 Q9JRJ9 C* Signal transduction 24 779 5.44 22 488 5.48 49 

system regulator 

157 Hypothetical protein KMA 1773 Q9JTH7 IT Conserved hypothetical 30 407 5.33 25 605 5.30 66 

1773 protein 

158 PutBUve ojtWoreductase 0666 Q9JW3 IT Miscellaneous 20 714 5.73 17 994 6.00 56 

159 Putative peptjdyl-proryl 1756 Q9JTJ0 OM* Synthesis and modification 28 909 5.72 27 227 5.27 36 

bomeraae of macromotecuies 

(protein translation and 
modification) 

160 2,3.4,5-tetra- dapO 2153 09JSS7 C* Amino acids biosynthesis 29 425 5.42 26721 5.46 37 

hydropyridine-2- (aspartate family) 

carboxytate N-suc-, 
dnyftransf erase 
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Spot Protein name (SW/Tr) 

Gene 

No* 


Functional 

Theor. 

Theor. 

Exp. 

Exp. 

Sequence 





classification 

A4(Qa) 

Df foHl 


p/(pH] 

i coverage (%) 

161b Putative alcohol 

adM 

0725 

Q9JVR8 C 

Energy metabolism 

36 346 

5.65 

35 934 

5.38 

45 

dehydrogenase 




(fermentation) 



161b Glyceraidehyde- 

0246 


09JWT8 C 

Energy metabolism 

35 772 

5.52 

35 934 

5.38 


3-phosphate 




(glycolysis) 




dehydrogenase C 









162 Putative alcohol 

adM 

0725 

Q9JVR8 C 

Energy metabolism 

36 346 

5.65 

36 027 

5.85 

65 

dehydrogenase 




(fermentation) 


163 Gtutamsta 

gdhA 

1964 

Q9JT56 IT 

Amino acids biosynthesis 

48 462 

5.80 

44 515 

5.83 

33 

dehydrogenase 




(glutamate family) 



164 Putative branched- 

ilvE 

2151 

09JSS9 U(c)* 

Amino add biosynthesis 

36102 

5 67 

34 032 

5.88 

24 

chain amino acid 




(branched chain family) 



aminotransferase 










ilcV 

1763 

Q9JTI3 U(C) 

Amino add biosynthesis 

36 408 

5.65 

35 472 

5.95 

49 

isom erase 




(branched chain family) 



166 Putative fructose- 

fba 

0587 

Q9JW15 mcr 

Energy metabolism 

38 415 

5.66 

36 027 

6.02 

62 

1,6-blsphosphate 




(glycolysis) 



aldolase 









167 Putative polyamlne 


1786 

09JTG5 PS* 

Transport/binding 

41 949 

5.96 

38 337 

5.58 

45 

permeate substrate- 




protein (amino adds 




binding protein 




and amines) 






168 Riboflavin biosynthesis 

ribA 

1429 

Q9JU97 U(c)- 

Biosynthesis of cofactor, 

39 398 

5.34 

37 357 

5.36 


protein ribA 




prosthetic groups and 







carriers (riboflavin) 






169a Glyceraldehyda- 


0246 

Q9JWT8 C 

Energy metabolism 

35 772 

5.52 

35 934 

5.59 

63 

3-phosphata 




(glycofysla) 




dehydrogenase C 









Putative alcohol 

sdM 

0725 

Q9JVR8 C 

Energy metabolism 

36 346 

5.65 

35 934 

5.59 

46 

dehydrogenase 




(fermentation) 




168b PhenylalanyMRNA 

pheS 

0933 

Q9JR78 C 

Synthesis and modification 37 305 

5.48 

35 934 

5.59 


synthetase 




of macromotecules (aml- 




alpha chain 




noacyl tRNA synthetases 










and their modification) 






170 Putative alcohol 

BdhA 

0725 

Q9JVR8 C* 

Energy metabolism 

36 346 

5.65 

38 591 

5.40 

32 

dehydrogenase 




(fermentation) 



172 Putative capsule 

sbcB 

0200 

Q9JWW8U* 

Celt envelope (surface 

64 133 

9.11 

44 554 

nd 

27 

biosynthesis protein 




polysaccharides, 







Upoporyaaccharides 










and antigens) 






174 Na(+)-trans!ocatinfl 

nqrA 

0752 

G9JVP8 U(c)* 

Transport/binding 

48 673 

6.20 

56 552 

6.63 

44 

NADH-qulnone re- 




protein (cations) 



ductase subunit A 










176a Putative membrane fete 0452 Q9JWB9 PS* 
transport solute- 
binding protein 

176b Hypothetical protein rtwS 0696 Q9JR89 U(c)* 
NMA0696 

178 GlycyMHNA synthetase gtyQ 0521 09JRC6 C 
alpha chain 


Transport/binding 
protein (cations) 


34 1 49 5.67 32 496 4.94 


Synthesis and modification 34 209 
of macro rnolecaies (ami- 
noacyl tRNA synthetases . 
and their modification) 


36 478 5.32 
4.98 


32 496 4.94 20 
32 231 4.98 27 
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Table 1. Continued 

Spot Protein name (SW/Tr) Gene Nb« Ace.* Cell 1 * Functional Theor. Theor. Exp. Exp. Sequence 
classification K(Da) pt(pH) H(Da) pf(pH) coverage (%) 

179 Putathre pilus retraction pXT 021B Q9JWV9 C* Cell envelope (surface 37 968 6.42 36 1 20 6.85 52 

protein structures) 

180 S-adenosylmethtonlne metX 0663 Q9JW6 C Cerrtral Intermediary 42 091 5,10 . 44 1 82 5.05 33 

synthetase metabolism 

181 Putative amlnotrans- 1113 Q9JUW0 U* MlscellaneoiiS 44 055 5.74 41 006 6.65 24 

re rase 

182 Ribose-phosphate p/V 1093 09JQV4 C Purines, pyrimidines, 35 597 5.41 32 477 5.36 46 

pyrophosphokinase prsA nucleosides and nu- 

cleotides (purine ribonu- 
cleotide biosynthesis) 

184 L-lactate UdA 1592 Q9J7X1 U* Energy metabolism 43 486 6.98 41 167 6.82 45 

dehydrogenase . (respiration) 
Acetyiornithlne amino- argD 1584 Q9JTX9 C Amino acids biosynthesis 42 548 6.50 41 167 6.82 15 
transferase (glutamate family) 

185 Trypthophan synthase trpB 0904 Q9JVC0 IT Amino adds biosynthesis 43 193 6.19 40 800 8.71 28 

beta chain (aromatic amino acid 

family} ' 

186 3-teopropytmalate leuB 1456 Q9JU79 C Amino acid biosynthesis 39 001 4.91 38 536 4.83 35 

dehydrogenase (branched chain family) 

187 Detta-amlnotevulinic hemB 1011 09JV37 U(c)* Biosynthesis ol cofactor, 37 277 5.23 40 082 5.27 32 

acid dehydratase prosthetic group and 

carriers (heme and 
porphyrin) 

188 3-oxoacyl-tacvJ-carTler- fabF 0044 Q9JX65 U(c)* Fatty add biosynthesis 43 129 5.45 44 284 5.59 40 ' 

protein] synthase it 

189 305 ribosoma! rpsB 0328 Q9JRG7 U(c)* Synthesis and modification 26 698 9.04 26 858 nd 44 

protein S2 of macro molecules (ribo- 

somat protein synthesis 
end modification) 

190 Putative type I restriction- 1038 Q9JV18 U(c)* Synthesis and modification 57 320 5.02 55 745 4.93 48 

modification system of macromoieculBs (DNA 

protein replication, restriction/ 

modification, recombina- 
tion and repair) 

191 Hypothetical protein 0989 Q9JV54 0* Conserved hypothetical 46 301 5.26 54 709 5 02 39 

■NMA0989 protein 

193 Putatfw formate-tetra- ffis 0617 Q9JVY8 U(c)* Central intermediary 59 122 5.85 61 400 6.30 29 

hydrofolate ligase metabolism 

194 Bifunctional purine purH 1182 09JU08 IT Purines, pyrimidines, 57 435 5.85 54 313 6.28 31 

biosynthesis nucleosides and nu- 

protein purH cleotides (purine ribonu- 

cleotide biosynthesis) 

195 Arglnlnoaucclnate lyase arpH 0847 Q9JVG7 C Amino adds brosynthesii 51 286 5.28 44 990 5.30 33 

(gfutamate family) 

Putative homoserine horn 1395 Q9JR84 U(c)' Amino adds biosynthesis 46 545 5.31 44 990 5.30 39 
dehydrogenase (aspartate family) 

196 Putative periplasms 0710 Q9JVT1 U(ps} 4 Degradation of macro- 52 563 5.31 57 379 4.82 48 

serine protease molecules (proteins, pep- 

tides and glycoproteins) 
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Spot Protein name (SW/Tr) Gene Nb" Acc« Cell* Functional Theor. Theor. Exp. Exp. Sequence 
classification - H(Da) pl(pH) H(Da) P /(pH) covefBQe(%) 

197 Hypothetical protein 0666 Q9JVF0 IT Unknown 47 027 6.02 51 645 6 47 28 

NMA0866 

198 Putative fnjctose-1, 6- fbp 1259 Q9JUL6 Ufmn)* Central intermediary 35 550 5.49 32 821 5.60 47 

bisphosphatase metabolism 

(gluconeogenests) 

199 Putative dthy- /pdA2 1142 Q9JUT5 C* Energy metabolism (pyru- 50 747 5.95 51 271 6.54 48 

droilpoamide vate dehydrogenase) 

dehydrogenase 

200 Putative repflcstive dnafl 1105 Q9JUWB 11(c)* Synthesis and modification 52 080 5.04 53 167 4.92 38 

DNA helicase of macromolecules (DNA 

replication, restriction/ 
modification, recombina- 
tion end repair) 

201 Phosphoglucomutaae pgm 1001 P57002 IT Degradation (carbon 49 499 5.26 52 591 5.12 27 

v compounds) 

202 Phoaphortbosyi- purC 096B Q9JV73 U{cr Purines, pyrimidines, 32 251 5.26 29 754 5.27 60 

arnlnolmldazole* nucleosides and nu- 

sucdnocsrboxamide cleotides (purine ribonu- 

synthaae cleotide biosynthesis) 

203 Lactoferrtn-binding IbpB 1740 09JTK3 IT Transport/binding protein 81 559 4.63 81 208 4.77 25 

protein (cations) 

204 Adenylate kinase adk 1032 P4B880 C Purines, pyrimidines, 23 216 5.02 25128 4.95 50 

nucleosides and nu- 
cleotides (purine ribonu- 
cleotide biosynthesis) 

205 HistMJne-bindlng Ws/ 1811 Q9JTE4 PS* Transport/binding 29 029 5.25 25 736 4.80 74 

periplasms protein protein (amino acids 

and amines) 

206 Outer membrane rmpM 2105 P38367 W/0M Cell envelope (surf ace 26140 6.53 30 945 6.33 28 

protein class 4 polysaccharides, 

lipopolyaaccharides 
and antigens) 

207 Outer membrane rmpM 2105 P38367 IN/0M Cell envelope (surface 26140 6.53 31 157 622 33 

protein class 4 potysaccharides, 

iipopotytaccharides 
and antloena) 

208 Aromatic amino ecid ryrS 1937 Q9JT83 C* Amino acids biosynthesis 44 640 5.30 39 038 5.30 41 

aminotransferase (aromatic amino add 

family) 

209 ATP phosphorlbosyl- htsZ 1023 09JV26 C Conserved hypotetlcal 41 637 5.38 39 649 5 53 46 

transferase protein 
regulatory subunlt 

210 Gkrtamale-1-semi- heml 0592 09JW10 C Biosynthesis of cefaclor, 45 268 5.56 39 546 5.79 63 

aldheyde 2,1 -amino- prosthetic group and 

mutase carriers heme and 

porphyrin) 

211 Outer membrane class rmpM 2105 P38367 W/0M Cen envelope (surface 26 140 6.53 30 998 6.02 28 

protein 4 polysaccharides, 

tipepoiysaccharides 
and antioens) 
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Table 1. Continued 

Spot Protein name (SW/Tr) Gene No* Ace. 1 * Cell 0 Functional Theor. Theor. Exp. Exp. Sequence 
classification H(Da) p/(pH) H(Da) p J(pH) coverage (%) 

212 Ribose-pnosphate prs/ 1093 Q9J0V4 C Purines, pyrimi- 35 597 5.41 34 835 5.77 32 

pyrophosphoklnase prsA dlnes.nutfeosldes and 

nucleotides (purine ribo- 
nucleotide biosynthesis) 

213 Probable malate:quinone mqo 0333 Q9JWK3 U" Energy metabotism (tri- 53 993 5.67 52 782 5.93 47 

oxMoreductase carboxyllc acid cycle) 

214 Probable malate:qulnor» moo 0333 09JWK3 IT Energy metabolism (trl- 53 993 5.67 52 782 5.93 30 

oxidoreductase carboxyllc add cycle) 

215 DNA hellcase II uvrD 0027 Q9JR27 U(cr Synthesis and modification 82 297 6.17 77 323 6.22 19 

of macromolecules 
(DANN replication, 
restrfcttori/modrffcaUcn, 
recombination and 
repair) 

216 Putative UDP-N-ace- mp/ 1356 Q9JUE5 U(c)* Can envelope (mureln sac- 49 385 5.94 44 173 6.28 39 

tylmuramaterL-alanyl- cuius and peptidoglycan) 

gamma-o-gtutarnyt- 

meso-dlamlnopimetate 

ligase 

217 Putatfce tyrosyMRNA tyrS 0620 Q9JVY6 C* Synthesis and modification 47 329 5.80 44 1 57 6.33 30 

synthetase of macromolecules (ami* 

rtoacyl tRNA synthetases 
and their modification) 

218 Putative phos- 1949 Q9JT71 0(c)* Central intermediary 47 851 5.54 4 6 993 5.43 35 

phoglucomutase/phos- metabolism 
ptiomannomutase 

219 RypotetJcaJ protein 1908 G9JTA4 U(c)* Conserved hypothetJcaJ 46 471 4.95 34 476 4.85 20 

NMA1908 protein 

221 PUua assembly protein pUO 0652 Q9JR13 U(lnn}* Cell envelope (surface 23 315 5.04 19 767 4.94 51 <5— 

structure) 

222 Haem utilization protBln hemO 1927 Q9RGD9 U(c)' Transport/binding protein 25 792 6.00 21 714 6.02 47 Q~ 

(cations) 

223 Putative NAD(P)H-flavln 1015 Q9JV33 U* Miscellaneous 24 795 5.79 20 717 5.95 44 

oxidoreductase 

224 Putative 3-oxoacyl- iabG 0533 Q9JW61 U(c)* Fatty add biosynthesis 25 967 5.58 20 629 5.84 71 

(acyt-carrlef protein) 
reductase 

225 2,3-blsphoshogiycerate- gmpA 1801 09JTF2 U(c)* Energy metabolism 26000 5.59 22 953 5.84 74 ^4— 

dependent phos- (glycolysis) 
phogtyecrate mutase 

226 Single-strand binding ssb 1672 Q9JRF8 IT Synthesis and modification 19 452 5.78 1 4 975 6.14 82 

protein of macromolecules (DNA 

replication, restriction/ 
modification, recombina- 
tion end repair) 

227 Transcription antf- nusG 0147 Q9JRD9 IKc)* Synthesis and modification 20 550 6.03 16 592 6.34 79 

termination protein of macromoleculea {RNA 

NusG synthesis, RNA modifica- 

tion and DNA transcrip- 
tion) 
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Spot Protein name (SW/Tr) Gene Nb" Acc. w Cell* Functional Theor. Theor. Exp. Exp. Sequence 

. dassffication H(Da) pf(pH) H(Da) p/(pH) coverage (%) 

228 RIbosome recycling frr 0080 09JR52 C Synthesis and modification 20 730 6.22 16 034 6.59 42 

factor of macromolecules 

(protein translation 
and modification) 

229 Chortsmate synthase aroC 1939 Q9JT81 U(cr Amino acids biosynthesis 39413 6.06 37 746 6.57 32 

{aromatic amino acid 
family) 

230 Gr/ceraWehyde-3-phcs- gaoA 0062 Q9JX51 C Energy metaboDam 37 022 6.08 38 636 6.69 35 

phato dehydrogenase (gfycofysis) 

231 Aconttate hydratase acnB 1761 Q9JT15 U* Energy metabolism (tri- 92 725 5.42 86 321 5.48 38 

carboxytlc acid cycle) 

232 Putative isoleucyURNA fleS 0622 Q9JVY4 C Synthesis and modification 104 185 5.60 nd 5.77 16 

synthetase of macromolecules (aml- 

noacyl tRNA synthetases 
and their modification) 

233 Grycyl-tflNA synthetase g/yS 0523 Q9JW67 C Synthesis and modification 74 650 5.30 75 405 5.31 20 

beta chain of macromolecules (aml- 

noacy! tRNA synthetases 
end their modification) 

234 Putative pofy- pnp 0989 Q9JV72 C* Degradation of ma- 76 258 5.35 76 640 5.33 21 

ribonucleotide nu- cromolecules (RNA) 

cieotidyrtransf erase 

235 ClpB protein cipB 1683 Q9JTP9 U(c)* DegrBdatlon of macro- 95 093 5.45 77 896 5.32 20 

molecules (proteins, pep- 
tides and glycopsptides) 

237 Leucyl-tRNA synthetase feuS 0559 Q9JW39 C Synthesis and modification 101 505 5.20 87 093 5,15 20 

of macromolecules (ami- 
noacyl tRNA synthetases 
and their modification) 

238 Putative matate maeA 0870 Q9JVE6 U(c)* CBntrsHntermediarymatab- 45 991 5.08 46 148 4.97 56 

oxfdoreductaae ollsm (gluconeogenesia) 

239 HlstJrJyt-tRMA hisS 1065 G9JUZ9 C Synthesis and modification 48 474 5.47 44 215 5.69 34 

synthetase 0 f macromolecules (ami- 

noacyltRNA synthetases 
and their modification) 

240 Putative GTP-bindlng 0345 Q9JWJ4 U(c)* Miscellaneous 41 968 5.61 44 438 5.66 26 

protein 

241 GtUtamaU gdhA 1964 09JT56 IT Amino acids biosynthesis 48 462 5.B0 44 438 5 53 32 

dehydrogenase (glutamate f amliy} 

242 UDP-3-0-[3-hydrox- IpxC 0263 Q9JWS2 U(c)' Synthesis end modification 34 000 5.14 32 315 5.17 63 

yrnvriitoyf] of macrcmoteculea 

N-acetylgiucosamine (rlbosomlal protein 

deacetylaae synthesis and 

modification) 

243 Thiamine biosynthesis fWC 0397 09JWF3 IKc)* Biosynthesis of cof actor, 71 176 6.05 73 644 6.51 40 

protein thJC prosthetic groups and 

carriers (thiamine) 

244 Putative succinate sdM 1145 09JUT3 PS* Energy metabolism (tri- 64 460 . 5.89 69 418 8.26 22 

dehydrogenase cartwxyllc acid cycle) 

flavoprotein lubunfi 
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Table 1. Continued 

Spot Protein name (SW/Tr) Gene Nb* Ace." Cell 15 Functional Theor. Theor. Exp, Exp. Sequence 
classification *UBa) pf(pH) H(0a) p/(pH) coverage (%) 

'245 Transcription tBrmina- rt» 0825 Q9JV16 U(c)' 
tion factor 


246 33k0a chaperonin 

247 PorinB 

249 DNA mismatch proteli 

mutl 

250 Hypothetical protein 

NMA01B4 

251 Protyl-tRNA synthetase 1553 Q9JU09 C* Synthesis and modification 62 981 5.07 69 214 4.99 45 

9 214 4.99 25 

telrt rmuC homolog 

252 Hypothetical protein 1544 Q9JU17 LT 

NMA1544 

253 Methyl- fo/D 0354 09JWI9 11(c)* Biosynthesis of cofactor, 30139 5.42 31 856 5.64 46 
enetetrahydrofolate 
dehydrogenase/cy- 
clohydrolase 

llus assembly protein 

'hosphogtycolatB phos- 
phatase (PGP) 
^utattvs acetyl-CoA car- 
boxylase blotln 
carboxyf carrier protein 

258 PeptWyt-pralyt cfa-lrans pplB 1002 Q9JQS5 C* Synthesis and modification 18 852 5.04 14 659 4.95 89 

bomerase B of macromolecules (pro- 

tein translation and modi- 
fication) 

259 ATP synthase delta chain afpH 0516 09JW73 C* Energy metabolism (ATP- 19 470 5.02 13 344 4.93 79 

proton motive force) 

260 Conserved hypothetical 2008 Q9JR11 U(c)' Conserved hypothetical 19 770 5.19 13 986 5.15 47 

protein NMA2008 protein 

261 Hypothetical protein 1203 Q9JUP9 U(c|* Conserved hypothetical 19 1 66 5.22 1 3 007 5 15 48 

NMA1203 protein 

262 Hypothetical protein 0693 09JRAO U(c)" Unknown 19 571 5.12 12 410 4 94 42 

NMA0693 

263 Hypothetical protBin 0996 09JV47 U(c)* Conserved hypothetical 32 783 5.26 30 111 5 30 34 

NMA0996 protein 


Synthesis and modification 

47 322 

6.22 

of macromolecules 



(RNA synthesis, RNA 



modification and DNA 



transcription) 



Conserved hypoteticat 

33 264 

4.69 

protein 



I Cet) envelope (membranes, 

35 543 

7.11 

lipoprotein and porlrts) 



IS, phage-related function 

71 842 

5.90 

and prophage 



Synthesis and modification 

83161 

5.99 

of macromolecules 



(RNA synthesis, RNA 



modification and DNA 



transcription) 



Synthesis and modification 

62 981 

5.07 

of macromolecules (aml- 



noacyl tRNA synthetases 



and their modification) 



Cell envelope (perlptasmic 

66 747 

5.18 

proteins) 




29 410 

6.71 

Biosynthesis of cofactor, 

30139 

5.42 

prosthetic groups end 



carriers (folic acid) 



Cell envelope (surface 

20 067 

4.94 

structures) 



Miscellaneous 

25 527 

4.68 

Fatty acid biosynthesis 

15 679 

4.67 
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Spot Protein name (SW/Tr) 


Gene No" Ace* Celr* Functional 
classification 


Theor. Theor. 
H(Da) p/tpH) 


Exp. Exp. Sequence 
*UDa) p/(pH) coverage (tt) 


264 Hypothetical protein 

N MAI 809 

265 Agmatinase 


286 Triosephosphata 

isom erase 
267 ATP-dapendent Clp 

protease proteolytic 

subunlt 

266 Hypothetical protein 

NMA2195 
269 Peptide deformylase 

(PDF) 


1809 Q9JTE6 U(c)* Unknown 

speB 2016 Q9JRG2 U(c)' 

tplA 0570 Q9JW31 U(c)* 

cipP 1525 Q9JU33 C 


Yct02$ 2195 09J0W5 IT 
C-A 

def 0164 Q9JQN0 U(c)* 


270 DlhydrodlplcoIIriatfi 

reductase 

271 Prwsphomethyt- 

pyrimidlne kinase 

272 Inositol- 1-mono- 

phosphBtase 

273 Orotata phosphorlbosyl- 

transferase 


dapfl 0066 Q9JX46 C 

tft/D 1815 09JTE1 U(c)* 

suhB 1559 O9JU03 U(c)* 

pyrf 0582 09JR25 U* 


274 Enoyt-ACP reductase 

275 UrWylate kinase 


276 T0U3 

277 Adhesin 

278 Acetyt-CoA 

carboxylase, 
carboxyl trensf erase 
alpha subunlt 

279 Outer msmbrane 

protein dass 4 


260 Putative nuclease 

261 Putative lipoprotein 


fabl 2152 09JSS6 U* 
pyrH 0326 09JQT5 U(c)' 


tou3 2036 Q9RQW01T 
matA 0325 Q9JWK7 IT 
accA 1349 Q9JUF0 U(c)' 


28 693 5.36 

Central intermediary 33 905 5.49 

metabolism 
Energy metabolism 27 530 5.38 

(glycolysis) 
Degradation of ma- 22 603 5.05 
cromolecutes (proteins, 
peptides end gtyco- 
peptldes) 

Conserved hypothetical 22 108 5.37 
protein 

Synthesis and modification 19115 5.60 
of macromolecules 
(protein translation and 
modification) 

Amino acids biosynthesis 28 274 5.78 
(aspartate family) 

Biosynthesis of cof actor, 28 416 6.24 

prosthetic groups and 

carriers (thiamine) 

Conserved hypothetical 28 496 5.82 

Purines, pyrlmldines, 23 261 5.98 
nucleosides end nu- 
cleotides (pyrim)dlne 
ribonucleotide 
biosynthesis) 
Fatty add biosynthesis 27 632 5.99 
Purines, pyrlmldines, 25 699 6.17 
nucleosides and nu- 
cleotides (pyrlmldine 
ribonucleotide 
biosynthesis) 

Unknown 29 564 6.38 

Pathogenicity 34 753 7.07 

Fatty add biosynthesis 35 492 6.41 


30 640 5.50 20 

29 002 5.57 27 

26 675 5.55 53 

17168 5.08 41 

16 592 5.39 65 

15 763 5.88 53 

25 692 6.03 71 

25 257 6.06 51 

26 129 6.22 30 

18 432 6.30 70 §~ 


26 001 6.47 68 
24 682 6.73 53 


30 525 6.74 31 
30 525 6.83 62 
30 787 6.85 34 


rmpM 2105 P38367 IN/OM Cell envelope (surface 
polysaccharides, 
lipoporysaccharides 
and antigens) 

0348 Q9JR99 U' Degradation of ma- 
cromolecules (OKA) 

0586 Q9JW16 U* Cell envelope 
(membranes, 
lipoproteins and porfns) 


26 140 6.53 29 652 6.85 24 


29 658 6.46 
29 765 7.73 


28 124 6.83 54 
27 227 6.75 52 
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Table 1. Continued 


Spot 

Protein name (SW/Tr) 

Gene 

Nb" 

Ace." Cell" 

Functional 
classification 

Thecr. 
H(M) 

Theor. 
p/(pH) 

Exp. 
HO*) 

Exp. 
pf(pH) 

Sequence 
coverage (%) 

282 

Methionine 
aminopeptldase 

map 

0337 

09JWK1 U(c)* 

Synthesis and modification 28 236 
of macrwnolecules 
(protein translation and 
modification) 

6.11 

27 601 

6.62 

43 

283 

Putative gntR-famlly 
transcriptional 
regulator 


1751 

Q9JRE6 U(c)* 

Broad regulatory function 

27 198 

6.01 

26 812 

6.52 

73 

284 

Dihydrod iplcol Irate 
synthase 

dapA 

1124 

09JUU9 C 

Amino adds biosynthesis 
(aspartate family) 

30 606 

5.49 

29 958 

5 94 

50 

285 

Putative hydroxys cyl- 
Qtutflthione hydrolase 


0444 

Q9 JWC6 U(c)" 

Central Intermediary 
metabolism 

27 821 

5.81 

28 854 

5.96 

20 

288 

3-deoxy-o-manno- 
octutosonate 
cytWyty (transferase 

kdsB 

0875 

Q9JVE3 U(c)* 

Cell envelope (surface 
polysaccharides, 
lipopotysacchartdes 
and antigens) 

27 793 

5.86 

29 350 

6.33 

44 

287 

2-dehydro-3-deoxy- 
phospnooctonate 
aldolase 

kdsA 

1493 

09JU48 C 

Call envelope (surface 
polysaccharides, 
lipopotysacchartdes 
and antigens) 

30 536 

5.77 

29 754 

6.14 

38 

288 

Superoxide dlsmutase 

sodC 

1617 

P57005 PS 

Cell envelops (periplasms 
proteins} 

19 550 

6,12 

nd 

6.57 

40 

289 

Hypothetical protein 
NMA0963 


0963 

09JV77 U(cr 

Conserved hypothetical 
protein 

18 673 

6.96 

nd 

6.47 

55 

280 

Hypothetical protein 
NMA1703 


1703 

Q9JTN1 U(C)* 

Conserved hypothetical 
protein 

16 551 

5.27 

nd. 

5.32 

37 

291 

Putative marft-famlty 
transcriptional 
regulator 


0613 

Q9JR77 U(c)' 

Broad regulatory function 

16 583 

5.14 

nd 

5.29 

71 

292 

Putative oxrdoreductase 


1120 

Q9JUV3 C 

Miscellaneous 

30119 

5.10 

27 743 

5.07 

23 

294 

Competence lipoprotein 
conL 

comL 

0907 

09JVB7 IT 

Transport/binding protein 
(other transporters) 

30 808 

B.72 

25 474 

nd 

46 

295 

Ornithine carbamoyt- 
transferese 

argF 

1762 

Q9JYI4 C 

Amino adds biosynthesis 
(gtutamatB family) 

36 703 

5.86 

36 308 

6.22 

44 

296 

Putative glycerate 
dehydrogenase 


0274 

Q9JVVP1 C* 

Amino adds biosynthesis 
(serine family) 

34 790 

6.18 

34 655 

6.22 

28 

298 

3-oxoacYl-[acyl-carrier- 
protein] syntase 111 

few* 

0538 

Q9JW56 C 

Fatty add biosynthesis 

33 833 

5.97 

32 439 

8.27 

43 

300 

Amino acid ABC trans- 
porter, ATP-binding 
protein 


0900 

Q9JVC3 C* 

Transport/binding protein 
(cations) 

27 041 

5.93 

23 650 

6.30 

50 

301 

DNA-dtrected RNA poly- 
merase beta chain 

rpoB 

0142 

P57O09 U(c)* 

Synthesis and modification 
of macro molecules 
{RNA synthesis, RNA 
modification and DNA 
transcription} 

155 576 5.36 

nd 

5.08 

16 

302 

Wbonudeoeide-di- 
phosphate reductase 1 
large chain 

nnlA 

1501 

09JU43 U(c)* 

Purines, pyrimldines, 
nucleosides and nu- 
cleotides (2'-deoxyrtbo- 
nuclectide metabolism) 

85151 

5.82 

79 759 

6.23 

20 
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Table 1. Continued 


Spot Protein name (SW/Tr) Gene No* Act" Cell** 


Functional 
classification 


2-DE map of meningococcus A 29 1 5 


Theor. Theor. Exp. Exp. Sequence 
H(P»> P'W) H(Da) p/(pH) coverage (%) 


303 NAOH dehydrogenase nuoG 0010 Q9JX87 U(c)' 

I chain G 

304 Carbamoyl phosphatB ca/fl 0802 Q9JW02 U(c)* 

synthase targe chain ' 


305 Preproteln translocase 
SecA auburtit 


306 Serine hydroxymethyl- glyA 

transferase 

307 Putative amino add 

permease substrate- 
binding protein 

308 Ghrtaredoxln 

309 Outer membrane lipopro- 

tein GNA1946 

310 Glutaredoxm 
Outer membrane 

lipoprotein GNA1946 

311 Putative zlnc-blndlng al- 

cohol dehydrogenase 

312 UDP-W-acetyimuramate- murC 

L-afanlne Ilgase 


1536 Q9JYK8 C* 


1254 Q9XAY7 C 
0997 Q9JV46 PS* 


1141 Q9JQ54 IT 
1946 Q9JP17 U* 


1141 Q9JQ54 U* 
1946 Q9JPG6 U* 


0808 Q9JVJ8 INN* 
2061 09JSZ6 C 


81 490 5.88 7B706 6.23 19 
117 419 5.10 nd 5.08 27 


5.03 22 


Energy metabolism 
(respiration) 

Purines, pyridines, 
nucleosides and nu- 
cleotides {pyrimidine 
ribonucleotide 
biosynthesis) 

Synthesis and modification 103 294 5.05 nd 
of macromolecules (DMA 
replication, restriction/ 
modification, recombina- 
tion and repair) 

Amino adds biosynthesis 44 987 6.32 44 341 6.65 37 
(serine family) 

Transport/binding 28 869 5.65 24 893 4.94 63 

protein (am ho acids 

and amines) 
Detoxification 
Conserved hypothetical 

protein 
Detoxification 
Conserved hypothetical 

protein 

Degradation (carbon 

compounds) 
Ceil envelope (mureln 

sacculus and 

peptfdoglycan) 


26 911 4,80 27 042 4.90 40 

31 248 5.03 26 950 4.72 43 

26 911 4.80 26 696 4.80 64 

31 314 5.19 26 696 4.80 81 

37 888 5.31 44 338 5.28 31 

50 336 5.69 55 133 6.00 27 


a) Gene number (NMAxxxx) 

b} Swiss-Prot/TrEM BL accession number 

c) Subcellular localization; U: unknown, C: cytoplasm. IN/OM: Inter-membrane. OM: outer membrane, INN: inner mem- 
brane; PS: periplasm. The asterisk Indicates that the predicted ceflular localization was obtained by using PSOFTT-B pro- 
gram (cut-off value 7.5), otherwise the subcellular localization was obtained directly from the Swlss-Prot entry When all the 
possibilities were equally probable the U notation (= unknown) was adopted; however, according to the PSORT-B notation 
next to U (parenthesis, and small case) e localization which was more probable than others Is also reported 
nd: not determined ^ 


Forty-one proteins were found to be present as multiple 
electrophoretJc species, as reported In Table 3. Hetero- 
geneity was mainly due to variability In p/ values (hor- 
izontal spot patterns), but also variability In apparent M fl 
or a combination of both types of value, were observed 
(vertical and diagonal spot patterns, respectively) . It Is 
worth noting that the majority of them (32 gene products) 
have either proven or putative catalytic activities (partic- 
ularly dehydrogenases and synthases/synthetases), be- 
cause it is known that Isozymes provide a better efficiency 
In btocataJysls. Two (diagonal partem) protein species 
were found for the CpJB protein (spots 30 and 235), never 


previously Isolated from Neisseria. CIpB is part of the 
CIpB/DnaK/DnaJ/GroE chaperone machinery and has a 
fundamental role In protein disaggregation. Particularly, 
CIpB transiently Interacts with proiein aggregates end 
then forms a spec tea -specific complex with DnaK (spot 
1 21 In Table 1) to efficiently perform resolublltzatlon of the 
aggregates J30J. Multiple species (horizontal pattern) 
were found for several outer membrane proteins like porln 
A, porln B, RmpM, Omp85. all of which are predicted to 
be lipoproteins. An example of a vertical spot pattern Is 
that observed in the case of dlhydrotlpoamlde dehy- 
drogenase discussed above. 
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Figure 4. Comparison of experimentally determined and 
theoretical p/ (A) and M r (B) values of Identified protein 
spots from N. meningitidis 2-DE gete. Overall a falrty good 
corretatlon Is observed for the majorfty of the data which 
fall in the M, window between 20 and B0 kDa and the pi 
window between 4.5 and 6.5, 


3.3 Functional classification of Identified 
proteins 

In Table 1 the Identified proteins are annotated also 
according to their predicted functional classification [20]. 
Many of the proteins In Table 1 were defined In the ge- 
nome sequence annotation as hypothetical or putative 
and the present work provides the first biochemical con- 
firmation of their actual expression. The more represented 
functional classes are briefly discussed below. 


Prvteomics 2004, 4, 2893-2926 


Table 2. The twenty N. meningitidis proteins with the 
highest volume in the 2-DE gel 


Spots 

Acc. 

Protein name (SW/Tr) 

Relative 
vol.% 

57 

Q9JR15 

Elongation factor Tu 

4335 

161a, 169a. 
162,170 

Q9JVR8 

Putative alcohol 
dehydrogenase 

2724 

66,113 

Q9JQL6 

Putative cysteine synthase 

2271 

64,247 

053989 

Porfi protein 

2000 

135 

P57006 

60 KDa chaperonin 

1867 

52,163, 241 

09JT56 

Glutamate dehydrogenass 

1605 

50, 206, 207, 
211.279 

P38367 

Outer membrane protein 
class 4 

1682 

55 

Q9JX07 

Elongation factor G 

1538 

80,311 

09JVJ8 

Putative rinc-Wndlng alcohol 
dehydrogenase 

1392 

152 

Q9JL138 

3QS dbosomal protein S1 

1268 

127 

Q9JU08 

Pyruvate dehydrogenase E1 
component 

1205 

132 

09JWN6 

Putative lipoprotein 

1082 

121 

09JVQ9 

Chaperone protein dnaK 

1042 

54,55s 

Q9JTM0 

Acetate kinase 1 

0.960 

149 

Q9JVI5 

Putative phosphoenolpyruvate 
synthase 

0.898 

165 

Q9JT13 

Ketol-acid reductolaomerase 

0.895 

81,15 

Q9JSU6 

Glutsmlne synthetase 

0.870 

53 

Q9JW72 

ATP synthase alpha chain 

0.811 

148 

Q9JUT6 

5-metnyltetrahydropteroyi- 
triglutamate-nornocystelne 
methyl transferase 

0.734 

65 

Q9JUS9 

Succinyl-CoA synthetase 
alpha subunit 

0.525 


Protein spots were quantified by integrating optical den- 
sity over Gaussian area using the Melanle II software 


3.3.1 Small molecule metabolism 

Energy metabolism Is the functional class which Is most 
represented in the map, accounting for 46 proteins (mul- 
tiple protein species excluded}, and covering around 17% 
of the identified protein species. Within this class we 
detected the expression of enzymes of glycolysis, the 
pyruvate dehydrogenase system, the tricarboxylic acid 
cycle (TCA), the pentose phosphate pathway, respiration, 
fermentation and ATP-proton motive force. The highest 
number of enzymes belong to the pyruvate dehy- 
drogenase Bystem and TCA, which play a fundamental 
role in the catabollsm of glucose in N. meningitidis (31 J. 
Comparison ol biochemical proteomlc data with In sillco 
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Table 3. N. meningitidis proteins expressed as multiple protein species 


Type of fsoform 

Protein 

Gene 

Acc. 

Spot or 

Horizontal Vertical Diagonal 




spot series 


Transferrln-blndlng protein B 

tbpB 

068937 

47a, 47b 

X 

Putative alcohol dehydrogenase* 

sdhA 

Q9JVR8 

161. 162. 
169, 170 

X 

Porin A* 

porA 

G9JPT6 

39. 40. 

X 

Acetate kinase 1 

ackAl 

Q9JTM0 

54, 55 

X 

GlyceraJdBhyde-3-phosphate 


09JWT8 

161, 169 

X 

dehydrogenase C 





Gtutamate dehydrogenase* 

gdhA 

Q9JT56 

52, 163, 241 

X 

Rlbose- phosphate pyrophosphoWnase* 

prs 

Q9JQV4 

182, 212 


Succinyl-CoA synthase beta chain* 

sucC 

09JUTD 

107, 109, 110 

X 

Outer membrane protein class 4* 

rmpM 

P38387 

50.206.207, 
211,279 

X 

Probable malat&quinone oxidoreductBse 

tnqo 

no nxtvi 
U9JWK3 

213, 214 

X 

Glutaredoxin* 


09J054 

22. 23, 308. 
310 

X 

Porin B 

porB 

053989 

64.247 

X 

Oihydrolipoamkle dehydrogenase* 

IpdA 

Q9JU06 

86, 142 


L-tactate dehydrogenase* 

m 

09JTX1 

115,184 


Putative succinate dehydrogenase 

sdhA 

Q9JU73 

125, 244 

X 

flavoprotain lubunir 





Putative zinc-blndlng alcohol 


09JVJ8 

60. 311 

X 

dehydrogenase* 




Transketolase 

txt 

Q9JTR1 

129, 137 

X 

Putative polyribonucleotide 

pnp 

09JV72 

31.234 

X 

nucleotraraferase 





Serine hydroxymethyi transferase 

glyA 

09XAY7 

1,306 

X 

Glutamine synthetase 

QlnA 

Q9JSU6 

15, 81 

X 

CIpB protein* 

cipB 

Q9JTP9 

30, 235 


Putative formate-tetxahydrofolste Sgase 

fhs 

Q9JVYB 

35, 193 

X 

Brfunctional purine biosynthesis protein 

pufH 

Q9JUQ8 

63, 194 

X 

purH 





Putative cysteine synthase* 

cysK 

Q9JQL6 

66. 113 

X 

Putative dihydroltpoamlde 

lpdA2 

09JUT5 

69, 199 

X 

Proline dehydrogenase 

putA 

Q9JSY1 

36 

X 

Putative 2-oxogtutarate dehydrogenase 

$txA 

Q9JRJ8 

70 

X 

El component 





Outer membrane protein Omp65 

omp85 

Q9JX31 

68 

X 

Probable D- lactase dehydrogenase 

did 

Q9JUP8 

134 

X 

Pyruvate dehydrogenase E1 component 

accf 

G9JU08 

127 

X 

Glucoaamine-fntctose-e-phosphatB 

g/rnS 

09JVW8 

140 

X 

aminotransferase 




5-methyttrtrahydroptBroyftriglutarnate- 

met6 

09JUT6 

148 

X 


homocysteine rnethyttransferBse 
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Type of Isoform 


Protein 

Gene 

Acc. 

Spot or 
spot series 

Horizontal Vertical Diagonal 

Putative prwsprtoenolpyruvate synthase 

ppsA 

Q9JV15 

149 

X 

Putative Inosine-S'-monophosphate 
dehydrogenase 

QU&B 

Q9JUD0 

60 

X 

Aconftate hydrstasa 

acnB 

owns 

231 

X 

Putative btrieucyt-tRNA synthetase 

UeS 

09JVY4 

232 

X 

Leucyj-tRNA synthetase 

teuS 

Q9JW39 

237 

X 

ONA -directed RNA polymerase 
beta chain' 

rpoB 

P57009 

301 

X 

Carbamoyl phosphate synthase 
large chain 

carB 

Q9JW02 

304 

X 

Preproteln trsnslocase SecA aubuntt* 


Q9JYK6 

305 

X 


Horizontal and vertical indicate different types of spot patterns in which the M, or pi values are con- 
stant, respectively. Diagonal Indicates cases when significantly modified values for both M, and pi 
were observed. The asterisks Indicate proteins which are described as potential pathogenicity or 
virulence factors 


predictions on biochemical pathways, based on genome 
analysis, Is quite important since even within a species 
the gene content of a given pathway varies. For example, 
a pnosphofructoklnase isolated from £ coil was found to 
be absent from the published £ coll genome sequence 
[32]. In the map of strain 24970 described here, we 
detected the expression of ail the enzymes of the pyru- 
vate dehydrogenase system. Interestingly, products of 
genes aceE, IpdA. tpdA2, lpdA3 were present as multiple 
electrophoretic species, in agreement with the complexity 
of this metabolic system. With regards to TCA, the ge- 
nome sequence of the 22491 menA strain [20] showed 
the presence of a complete set of genes encoding the 
classic TCA cycle. In this study we found 10 of the 16 
predicted TCA enzymes expressed; also In this case 
multiple electrophoretic species were found for almost all 
of them. Many glycolytic enzymes, Including two electro- 
phoretic species of gfyceraldehyde-3- phosphate dehy- 
drogenase C. were also detected In the map, in agree- 
ment with the fact that the bacteria we analyzed were 
grown on a glucose-based medium. 

Amino acid biosynthesis was the third most abundant 
functional class among the proteins we Identified. Al- 
though branched chain and aromatic families are repre- 
sented, most of the Identified enzymes are involved In 
serine, gtutamate and aspartate biosynthesis. These 
three amino acids play a key role In the production of gly- 
cine and cysteine, gtutamlne, proline and arginine and 
asparagine, methionine, lysine, threonine and isoleucine, 


respectively. This probably implies a high activity in amino 
acid biosynthesis which is In agreement with the high 
levels of expression of the corresponding amlno-acy! 
tRNA synthetases (see Section 3.3.2). 


3.3.2 Macromolecule metabolism 

Proteins belonging to the class synthesis and modifica- 
tion of macromolecutes were the second most repre- 
sented functional class, accounting for 36 proteins {mul- 
tiple protein species excluded). We detected the expres- 
sion of proteins Involved In transcription, translation and 
protein modification. DNA replication, restriction/mod- 
ification, recombination and repair. The most represented 
group within this functional class was constituted by 17 
different amlno-ecyl tRNA synthetases. The massive 
presence of amino acyl tRNA synthetases correlates well 
both with the high presence of amino acid biosynthesis 
enzymes and the abundance of elongation factor Tu, 
which is Involved In the binding and transport of amlnoac- 
yl-tRNA to the amlnoacyl site of the rl bo some. Although 
nothing has so far been reported for Neisseria on this topic, 
amlnoacyl-tRNA synthetases also play an important reg- 
ulatory role as translation^ repressors In prokaryotes by 
binding to their corresponding mRNA [33. 34]. 

The cell envelope was the fourth most abundant func- 
tional class represented In the map. Although the solubi- 
lization problems for membrane proteins are well known 
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limiting factors for protein resolution by 2-DE mapping, 
we could Identify several periplasm^ and membrane 
proteins, porins, proteins associated to surface structures 
such as pill, as well as proteins of the mureln sacculus and 
peptidogiycan layer. It can be noted that superoxide dis- 
mutase (spot 288) catalyzes the conversion of the super- 
oxide radical anion to hydrogen peroxide, a mechanism 
designed to preserve meningococci from the action of 
microbicidal oxygen-free radicals produced in the context 
of host defences [35). 

Pili of pathogenic Neisserias are typical of a famlfy of 
adhesln, type IV fimbriae, found In a widerange of Gram- 
negative pathogens. They have a crucial role In both 
colonization of the host and adhesion to host cells [36J, 
Pill are composed of thousands of protein subunits, 
called pillns, which undergo both phase and antigenic 
variation and are post-translatlonally modified [37), and 
several regulators of pilus formation and retraction. PHus 
retraction is an event required to mediate Intimate adhe- 
sion of meningococci on the host^cetl surface. We detect- 
ed In these samples of bacteria grown on agar plates 
without specific environmental stimuli, three proteins 
Involved in plhis assembly (pilF, pilO and piiP) and two 
forms of a protein controlling pllus retraction (pin, and 
pin"2). Furthermore we also detected in the map the RegF 
protein, a pllE regulator. The menA capsule biosynthesis 
operon sac consists of four genes that are peculiar to 
serogroup A and are not found In other meningococcal 
serogroups. We observed In the 24970 proteome the 
expression products of sacA and sacB, so far classified 
as putative, which are enzymes peculiar to serogroup A 
for A/-acetylmannosamlne-l -phosphate capsule biosyn- 
thesis [38]. 

3.4 Proteins potentially Involved in 

menlgococcal pathogenicity and virulence 

Besides the main, generally acknowledged, pathogenic- 
ity factor of meningococci which Is represented by the 
polysaccharide capsule, a number of meningococcal 
proteins have also been described as potential patho- 
genicity- and/or virulence-associated factors or products 
of genes which appear to be (up- or down-) regulated 
during virulence- associated events. Some of these are In 
fact among the proteins Identified In the map we describe. 
However, the Bimple detection of expression of a given 
protein In bacteria grown in arttf Iclal laboratory conditions 
has only a limited significance, since the repertoire of 
genes required in various steps of pathogenic host Inva- 
sion and disease development Is likely to be Induced (or, 
more generally, regulated) only in physiological relevant 
conditions, such as host-cell contact or Interaction with 
molecules present in human serum. Considering that the 
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preferred post-genomlc technology for studying such 
events appears at present to be the study of transcript 
profiles using the mfcroarray DNA hybridization approach 
rather than proteomlc 2-DE mapping, we preferred to 
correlate our findings with results from mlcroarray studies 
currently available In the scientific literature. The results of 
this analysis are reported in Table 4. It should be noted 
that some of the pathogenicity studies we refer to were 
actually performed on menigococci belonging to ser- 
ogroup B. In these cases we entered the corresponding 
ortholog gene In Table 4, as annotated In the menA ge- 
nome project [20], and the relative protein accession 
number In the Swiss-Prot/TrEMBL database. In particular, 
In Table 4 proteins are listed expressed by genes which 
are regulated following an Interaction of the bacterium 
with a host-cell [39), proteins mediating adherence to 
epithelial cells [40, 41 J. proteins Involved In heat shock, or 
better stress responses [42], and products of genes 
reported to be phase-variable [43], 


3.4.1 Use of the map for comparative studies: 
Differential expression of transferrin-birtd- 
Ing protein B In different genoclouds 

Analyses of serogroup A meningococci Isolated from 
epidemic waves have allowed the Identification of nine 
clonal groupings, designated subgroups Mil, fV-1, IV-2 
and V-Vlll [44] and provided an opportunity to elucidate 
important features of bacterial mlc roe volution. The ge- 
nomes of bacterial Isolates belonging to menA subgroup 
111, and which have caused two recent pandemic waves, 
were found to be very uniform, so that the comparatively 
few genetic variants which have been reported [44-46] 
were considered as mainly due to the Import of genetic 
material of related species by DNA transformation during 
bacterial cocolonlzation of the nasopharynx [47, 48]. In 
1987 menA subgroup lit bacteria caused an outbreak In 
Mecca during the annual Ha} pilgrimage [49). and after 
the return of pilgrims multiple meningococcal epidemics 
occurred throughout the African meningitis belt [7, 50]. 
This event provides a useful distinction between pre- 
Mecca and post-Mecca menA Isolates. The study of the 
fit genotypes and variants wfthln subgroup 111, In pre- and 
post-Mecca epidemics, allowed Achtman and collab- 
orators [10] to Introduce the novel concept of genocloud, 
which can be defined as a frequent genotype plus Its 
epidemiological^ associated descendenta, end to Iden- 
tify nine subgroup-Ill genoclouds comprising very closely 
related clinical Isolates. Importantfy. k\ subgroup lit many 
of the genetic variants are escape variants that can 
evade the human immune system. A working hypothesis 
Is that while some genoclouds extinguish after a single 
epidemic episode, others persist by migrating from 
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Table 4. Classification of Uentlf led proteins on the basis of reported pathogenicity, virulence and phase variability features 

Spot Protein name (SW/Tr) Gene Nb* SW/Tr Regulated Expressed Regulated Regulated Heat-shock IV* 

short Accession by 16HB14 In serum- by Hep2 by HBMEC response* 

name no. 1 * adhesion 0 treated adhesion* 

bacteria* 


22 

Glutaredoxin 


1141 

Q9JQS4 




X 


23 

Gtutaredoxln 


1141 

Q9JQS4 




X 


30 

CIpB protein 

clpB 

1683 

Q9JTP9 




X 


32 

Putative maltose phosphorylase 

mapA 

2098 

Q9JSW8 

X 





39 

Porta A 

porA 

1642 

09JPT6 


x 

x 



40 

PorinA 

porA 

1642 

Q9JPT6 


X 

X 


X 

50 

Outer membrane protein class 4 

rmpM 

2105 

P38367 






52 

GtutamotB dehydrogenase 

QdhA 

1964 

09JT56 

X 



X 


53 

ATP synthase alpha chain 

atpA 

0517 

Q9JW72 

X 



X 


55b 

Cysteine desuffurase 

iscS 

1594 

09/TX0 





X 

56 

Elongation factor G 

fusA 

0135 

Q9JX07 

X 





57 

Elongation factor Tu 

tuf 

0134 

09JRI5 

X 


X 



58 

Electron transfer flavoproteln 
elpha-aubtnlt 

BtfA 

0241 

Q9JWU3 



X 



59 

Elongation factor Ts 

tsf 

0327 

Q9JRK4 

X 





65 
66 

Sucdnyl-CoA synthetase 

alpha subunlt 
Putative cysteine synthase 

sucD 
cysK 

1154 
0974 

Q9JUS9 
Q9JQL6 

X 
X 



X 


67 
69 

ATP synthase beta chain 
Putative dthydrotipoamlde 
dehydrogenase 

atpD 
lpdA2 

0519 
1142 

Q9JW70 
Q9JUT5 

X 



X 


78 

Putative ecetyi-CoA carboxylase 
biotin carboxylase component 

accC 

0596 

Q9JW07 



X 



80 

Putative zinc-binding alcohol 
dehydrogenase 


0808 

09JVJ8 




X 


84 

Septum site-determining proteh mlnD 

0100 

Q9JQY6 

X 





85 

OiJgopeptktese A 

prIC 

0054 

Q9JX57 

X 



X 


87 

Putative GTP-bbdlng protein 

typA 

1370 

Q9JUD2 

X 





91a 

Trigger factor 

tig 

1526 

Q9JU32 

X 

X 




103 

Phosphogtycerate kinase 

pgk 

0257 

09JWS8 

X 





106 

DNA-dlrected RNA polymerase 
alpha subunlt 

rpoA 

0103 

Q9JR06 

X 





107 

SuccinU-CoA synthetase beta 
chain 

sucC 

1153 

Q9JUT0 

X 





108 

Dlhydrollpoamide putative succi- 
- nyfttansferase E2 component 

sucB 

1150 

Q9JUT2 

X 





109 

Sucdnyl-CoA synthetase 
beta chain 

sucC 

1153 

O9JUT0 

X 





110 

Sucdnyf-CoA synthetase 
beta chain 

sucC 

1153 

Q9JUT0 

X 





112 

Adenylosucclnata synthetase 

purA 

1024 

Q9JV25 

X 





113 

Putative cysteine synthase 

cysK 

0974 

Q9JQL6 

X 





114 

Putative pilus retraction protein 

pl(T2 

0979 

09JV63 


X 


X 
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Spot Protein name (SW/Tr) Gene Nt? SWJY Regulated Expressed Regulated Regulated Heat-shock fV> 

short Accession by 16HB14 In serum- byHep2 byHBMEC 4 rBsponse 4 

name no. b adhesion 4 treated adhesion*" 

bacteria* 


115 L-lactate dehydrogenase 

lldA 

1592 

G8JTX1 



X 


121 Chaperons protein dnaK 

dnaK 

0736 

Q9JVQ9 

X 




123 Putative aminopeptidase 


1640 

Q9JTT6 

X 




124 Pyruvate kinase 

pykA 

0177 

Q9JWX8 

X 




125. Putative succinate dehydrogen- 
ase f lavoprotein subunlt 

sdhA 

1145 

Q9JUT3 




X 

1?6 Arjtfrdflrtatn *\mPhaea IwiTumn 

III targe subunlt 

M 

1766 

Q9JT11 



X 

X 

135 60 KDfl rhfliwrnnJn 

groEL 

0473 

P57006 

X 




1 42 Dlhvdmllooamlde dehvrfmnon- 

ase 

IpdA 

1556 

U3JU06 

X 




147 Cefl diviskm protein ttsZ 

ftsZ 

2057 

Q51130 

X 




IfiS Pfnhflhln eirfnhota aHanulatA 

riuuauiB siupnma aosnyisie 
transferase subunlt 1 

cysN 

1364 

Q9JUD7 

X 




158 Putauve oxidoreductase 


0666 

Q9JW3 





160 2.3,4. 5-tetrarrvdropvrtdjne- 
2-carboxytate 
AV- sued nyttransf eras s 

dapD 

2153 

Q9JSS7 

X 




161a PutatiVB alcohol dehydrogenase 

adhA 

0725 

Q9JVR8 

X 



X 

1 62 Putative alcohol dehydrogenase 

adhA 

0725 

Q9JVR8 

X 



X 

1 63 Glutamate dehydrogenase 

gdhA 

1964 

Q9JT56 

X 



X 

165 Ketol-acld reductolsomerase 

HcV 

1763 

Q9JTO 



X 

X 

169a Putative alcohol dehydrogenase 

adhA 

0725 

Q9JVR8 

X 



X 

1 70 Putative alcohol dehydrogenase 

adhA 

0725 

Q9JVR8 

X 



X 

176a Putative membrane transport 
solute-blndlng protein 

fetB 

0452 

09JWB9 


X 



180 S-adBnosylmethkmine 
synthetase 

metK 

0663 

Q9JW6 

X 




182 Rlbose-phosphate 

pyrophoapbo kinase 

prs/prsAWQZ 

Q9JQV4 

X 




184 L-lactate dehydrogenase 

HdA 

1592 

Q9JTX1 



X 


1 87 Delta-amlnolevullnJc acid 
dehydratase 

hemB 

1011 

Q9JV37 

X 




1 69 305 RlbosomsJ protein S2 

rpsB 

0328 

Q9JRG7 

X 




195 Arglninosucctnate lyase 

ergH 

0847 

Q9JVG7 

X 




197 Hypothetical protein NMA0866 


0666 

Q9JVF0 

X 




1 99 Putative dihydrolipoamlde 
dehydrogenase 

lpdA2 

1142 

Q9JU75 





203 Lactofenlrt-bindlng protein 

IbpB 

1740 

Q9JTX3 



X 


204 Adenylate kinase 

adk 

1032 

P4S980 

X 




206 Outer membrane protein 
class 4 

rmpM 

2105 

P38387 

X 

X 



207 Outer membrane protein 
dtui 

rmpM 

2105 

P38367 

X 

X 




X X 
X 


X 


X 


X 


X 
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Spot Protein name (SW/Tr) Gene Nb* SW/Tr Regulated Expressed Regulated Regulated Heat-shock PV* 

short Accession by 16HB14 in serum- byHep2 by HBMEC* 1 response 0 

name no. 1 * adhesion 11 treated adhesion" 

bacteria* 


210 

Ghrtamata- 1 -semlatdheyde 
2 , 1 - am Inom utasa 

hemL 

0592 

G9JW10 

X ' 





211 

Outer membrane class 4 protein 

rmpM 

2105 

P38367 

X 

X 




212 

Rlbose-phraphate 
pyrophosphokinase 

prs/prsA 1093 

Q9JQV4 

X 





215 

DMA hellcase I) 

uvrD 

0027 

Q9JR27 




X 


221 

PBus assembly protein 

pilO 

0652 

Q9JR13 


X 

X 


X 

227 

Transcription antitermtnation 
protein NusG 

nusG 

0147 

Q9JRD9 



X 



230 

Gryceralderryoe-3-phosphate 
dehydrogenase 

gapA 

0062 

Q9JX51 

X 





235 

ctpB protein 

dpB 

1683 

Q9JTP9 





X 

241 

GJutamate dehydrogenase 

gdhA 

1964 

09JT56 

X 



X 


244 

Putative succinate dehydroge- 
nase ftavopfoteln subuntt 

sdhA 

1145 

09JUT3 




X 


245 

Transcription termination (actor 

mo 

0825 

Q8JVI6 

X 


X 



246 

33kOa chaperonln 

hsfO 

0441 

09JWC8 



X 



254 

Pllus assembly protein 

plIP 

0651 

Q9JQN6 

X 

X 



X 

258 

Peptldyl-prolyl cis-trans 
bomerase B 

pptB 

1002 

Q9JQS5 

X 




X 

259 

ATP synthase delta chain 

efpH 

0516 

Q9JW73 

X 




X 

261 

Hypothetical protein NMA1203 


1203 

Q9JUP9 

X 


X 



266 

Trioaephosphate isomerasa 

tplA 

0570 

Q9JW31 



X 



267 

ATP-dependent Ctp protBase 
proteolytic subunlt 

ClpP 

1525 

Q9JU33 

X 





268 

Hypothetical protein NMA2195 

yd026C 2195 

-A 

Q9JQW5 

X 





270 

DlhydrodlplcolinBte reductase 

depB 

0066 

09JX48 

X 





273 

Orotate phosphoriboayt- 
transferase 

pyrE 

0582 

Q9JR25 

X 





277 

Adhesln 

mafA 

0325 

Q9JWK7 

X 





279 

Outer membrane protein 
class 4 

rmpM 

2105 

P38367 

X 

X 




262 

Methionine aminopeptidase 

map 

0337 

Q9JWK1 






283 

Putative gntfi-famlly trans- 
criptional regulator 


1751 

09JRE6 





X 

291 

Putative marfi-tamliy trans- 
criptional regulator 


0613 

08JR77 




X 


298 

3-oxoacyt-[acyt-canier-proteln] 
syntasa 111 

fabH 

0538 

Q9JW56 

X 





300 

Amino add ABC transporter, 
ATP-binding protein 


0900 

Q9JVC3 


X 



X 

301 

DMA-directed RNA polymerase 
beta chain 

rpoB 

0142 

P57009 



X 
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Spot 

Protein name (SW/Tr) 

Gene 
short 
name 

Hti* 

SW/Tr 

Accession 

no. 1 * 

Regulated 
by 16HB14 
adhesion** 

Expressed 
in serum- 
treated 
bacteria" 

Regulated 

byHep2 

adhesion 11 

Regulated Heat-shock PV* 
by HBMEC* 1 response* 

305 

Preproteln translocase SecA 
subuntt 


1536 

09JYK8 

X 




307 

Putative amino add permease 
substrate-binding protein 


0997 

Q9JV46 

X 

X 

X 

X 

308 

Glutareooxin 


1141 

09J0S4 




X 

310 

Glutaredoxin 


1141 

Q9JQS4 




X 

311 

Putative zinc-binding alcohol 
dehydrogenase 


0808 

Q9JVJ8 




X 

312 

UDP-AZ-acetytmu ramate- 
L-alanlne Itgass 

murC 

2061 

QBJSZ8 

X 





™- vyw^uwy u^uruHK, io ^ wiu me men* aataoase at the NCBI web site at httpyAvww.ncbi.nlm nlh 

go V /genomesyMICROBES/Complete.html. When the quoted literature data referred to a serogroup B strain the cone-* 
spending men A orthologous genes were Identified by BLAST homology searches 

b) Swiss-Prat/TrEMBL accession number 

c) GrffantinlR.efa/. [39] 

d) Kurtz S. eta). [40] 

e} Dietrich G.et a/. {41] 

f) Guckenberger M. et al. [42] 

g) PV « Phase Variability. Snyder, L. A. S. etal. [43] 


country to country and by generating new genetic var- 
iants that escape human immune response against pre- 
vious infections [10). 

Pathogenic Neisseria have a slderophore-lndependent 
iron-uptake system to overcome the Iron-restricted com- 
position of host extracellular fluids. This outer membrane 
system consist of two subuntts, trensferrtn-bindlng pro- 
teins A end B (TbpA and TbpB, respectively). They form a 
receptor which captures the iron-carrier human transfer- 
rin [51] In order to provide the bacterium with Fe ions. The 
TbpB subunlt Is largely external to the outer membrane, 
has an AZ-termlna! lipid anchor and, being a target for host 
Immune responses, Is also considered a potential vaccine 
candidate [52], Both TbpB antigenic and genetic varia- 
bility have been observed, the latter being due to the 
occurrence of horizontal genetic exchanges between 
strains as well as to intragenic recombination [53], TbpB 
la encoded by the fopB polymorphic locus, which has 
been used to study by sequence typing the molecular 
epidemiology and bacterial microevolutlon of menA. This 
approach was instrumental for the definition of the geno- 
cloud concept [10J. Achtman and colleagues described 
28 tbpB alleles; strain 24970. analyzed In the present 
paper, belongs to subgroup IN, genoctoud 3 and contains 
tpbB1 , an ancestral allele of older strains of subgroups III 
andlV-1 (Fig. 5) [10]. 


\ 


L(WJ9 

.1— .Ki 


3 N 


t<rvx [ 

pandemic 
2"* pandemic 


-^3 rt paudctnlci 


Figure 5. Variation of tbpB alleles In nine subgroup I!) 
genoclouds. Numbered circles represent the individual 
genoclouds and there sizes are proportional to the num- 
ber of menA isolates. The figure has been simplified from 
(10]. 
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Figure e. Mapping of TbpB In different strains of N. 
meningitidis serogroup A, subgroup HI. Each strain (Iden- 
tified by the ID coda on the right of each image section) 
belongs to a different genocioud as summarized in Table 
5. The gel areas shown cover the same p//M f ranges of 
silver-stained 2-DE gels. Experimental pJ/M, coordinates 
of TBpB spots In each single strain are Indicated in 
brackets, as well as the identification number of the tbpB 
alleles assigned to each genocioud in [10]. 


Protaomlcs 2004, 4. 2893-2926 

Considering the reported tow grade of genetic variation In 
menA clonal populations, one could reasonably expect 
that 2-DE protein maps of menA clinical isolates should 
be sufficiently similar to allow comparative studies aiming 
at identifying minor phenotyplc variations between geno- 
ctouds by simple in silico comparison against a fully MS- 
annotated reference map. To test this hypothesis we 
compared the proteomes of nine menA subgroup-Ill 
strains, each one being a representative of one of the nine 
diverse genoclouds described in [16] (Fig. 6 and Table 5). 
The proteome maps of these 9 strains were more than 
95% Identical. Rgure 6 shows the different patterns with 
which two TbpB protein species are present in each 
strain. For the 24970 map the TbpB spots were Identified 
by MS analysis, as above described. For the 25015 map 
additional MS analyses were performed (data not shown) 
and the Identification of the two acidic species of TbpB 
was also obtained by MALDI-TOF MS analysis. For the 
remaining seven maps, TbpB spots were Identified by in 
slilco image matching against the 24970 and 25015 
maps. In doing so, the large set of Invariant spots was 
used as local matching anchors. Visual recognition of 
local spot-patterns, within set tolerance limits for M/p/. 
was used to assign the TbpB spot Identity to spots In the 
25840 and 26947 maps. For strain 25074 we could not 
identify TbpB spots by simple map matching, maybe be- 
cause of a iow level of expression in this particular strain. 
However, this anyway Indicated an Individual peculiarity 
of 25074 with respect to the other genocioud strains. The 
results of the experiment, summarized In Table 5, showed 
that the relative diversity of the pl/M f coordinates, or bet- 
ter, the diverse types of electrophoretlc phenotypes (map 
patterns) observed for TbpB in the 9 genocioud maps, are 
in complete agreement with genocioud classification of 
the Isolates as described by Achtman and collaborators 
[1 0] on the basis of genotyplng analyses. 


4 Concluding remarks 

In this study, we report the first systematic proteomlc 
analysis of a serogroup A N, meningitidis strain, which is 
expected to provide a basis for more extensive proteomlc 
studies addressing meningococcal biology. Also, we 
confirmed the expected very tow variability of the menA 
proteome, a feature which should favor comparative 
studies. As a proof of principle for such an application, we 
performed a comparative analysis on the B-subunrt of the 
meningococcal transferrin receptor, a known marker of 
population diversity In meningococci. The results showed 
that TbpB spot pattern variation, as observed in the maps 
of nine clinical Isolates from diverse epidemic spreads, 
fits previous analyses based on allelic variations of the 
tbpB gene. This exercise showed that proteomlc phenc- 
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Table 5. 

Features of N. meningitidis serogroup A subgroup til strains, representative of the nine 


genoclouds. analyzed in Ftg. 6 






Strain 

Geno- 

Isolate 

Pandemic 

tbpB 

2-DE 

p/Theor 

p/Exp 


cloud 


wave 

allele 

pattern 


Z3908 

1 

Ancestral 

1- 

fbpB1 

1 

6.49 

6.51/6.72 

25074 

2 

Moscow 69-71 

1". 

tbpB38 

0(nd) 

6.28 

(nd) 

24970 

3 

Ancestral 

1" 

tbpBI 

1 

6.49 

6.51/6.72 

25015 

4 

China 84-87 


tbpBSB 

2 

5.77 

5.81/5.94 

26344 

5 

Post-Mecca 

2 nd 

fbpB1 

1 

6.49 

6.51/6.72 

25805 

6 

Post-Mecca 

2* 

fbpB1 

1 

6.49 

6.51/6.72 

Z5654 

7 

Post-Mecca 

2 nd 

rbpB1 

1 

6.49 

6.51/6.72 

25840 

6 

China 

3« 

tbpB55 

3 

6.40 

6.49/6.62 

26947 

9 

Post-Mecca 

2 nd 

tbp839 

4 

7.27 

6.59/6.72 


Clinical and epidemiological annotation are reported from [10]. p/ Theor, theoretical pi values 
deduced from published nucleotide sequences of tbpB alleles expected to be prevalent in the cor- 
responding genoclouds reported In column 2. The table shows that the relative variations of p/s In 
columns 7 and 8 are internally consistent. The different electrophoretlc TbpB spot patterns In Fig. 6 
are Identified by arbitrary numbers, nd: not determined 


type analysis could be useful for Identifying new markers 
of menA microevolution. in fact preliminary systematic 
comparisons with the reference menA map described 
here and data (not shown), when extended to the entire 
map of the nine genocloud Isolates, identified some 15 
spot patterns so far suggesting that other protein species 
undergo significant phenotyplc variations In different 
genoclouds. Future work will require further MS analyses 
and comparative gene sequencing In order to find out if 
these genes can actually be proposed as new micro- 
evolution markers. 
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Introduction 


Welcome to the DIG Nonradioactive 
Nucleic Acid Labeling and 
Detection System 

The DIG System ii the most comprehen- 
sive, convenient, and effective system for 
the labeling and detection of DNA, RNA, 
and oligonucleotides. It also does not re- 
quire you to learn any new technology. 
The protocols for labeling with digoxi- 
genin and subsequent detection are based 
on well-established, widely used methods. 
DNA, RNA, and oligonucleotide probes 
are labeled according to the methods 
(usually enzymatic) used for preparing 
radioactive probes. Hybridization of dig- 
oxigenin-labelcd probes (e.g., to target 
DNA or RNA on a Southern or Northern 
blot) is also carried out according to stand- 
ard protocols, except that a special 
blocking reagent is used to eliminate back- 
ground. The signal on the nucleic acid blot 
is detected according to the methods devel- 
oped for western blots. An anti-digoxi- 
genin antibody-alkaline phosphatase con- 
jugate is allowed to bind to the hybridized 
probe. The signal is then detected with 
colorimetric or chemiluminescent alkaline 
phosphatase substrate*. If a colorimetric 
substrate is used, the signal develops di- 
rectly on the membrane. The signal is 
detected on an X-ray film (as with "P or 
"S-labeled probes) when a chemilumines- 
cent substrate ts used. 


DIG Labeling 

The use of a nonradioactive probe confers 
several advantages: 

► The technology js safe. 

► Probes can be stored for at least a year. 

► Hybridization solutions can be reused 
several times. 

The incorporation and spacing of digoxi- 
genin (Figure 1) in DNA, RNA, and oli- 
gonucleotides has been optimized for the 
greatest sensitivity in Boehringer Mann- 
heim's Kits for nucleic acid labeling: 

► PCR DIG Probe Synthesis Kit - 
Digoxigenin-ll-dUTPis incorporated 
by the polymerase chain reaction. 

► DIG DNA Labeling and Detection Kit 
and the DIG DNA Labeling Kit - 
Digoxigcnin-1 1-dUTP is incorporated 
by the random-primed labeling method. 

► DIG RNA Labeling Kit - The Kit 
uses T7/SP6-mediated transcription 
for the synthesis of strand-specific 
RNA probes. 

► DIG Oligonucleotide 3'-End Labeling 
Kit - Terminal transferase adds a single 
Digoxigenin- 1 1-ddUTP to the 3 '-end of 
the oligonucleotide. 

► DIG Oligonucleotide Tailing Kit- 
Terminal transferase adds a string of 
Digoxigenin-n-dUTP interspersed 
with unlabeled dATP to the 3*-end of 
oligonucleotides. 

► DIG Oligonucleotide 5*-End Labeling 
Set - DIG-NHS ester labcJs the 5'end. 

In addition, protocols have been optimized 
for nick translation and cDNA synthesis. 


Figure 1: General Struchirt of DIG- 
libeletf nucUolldii. AlkaH-sitbli 

Olgoxlgenln-UTP (R t » OH. R, « OH); 
DlfloxJgwHi-dUTP (fl t - OH, R, * HJ; 
OfgoxIgenln-fttUTP (R, • h, R, - H); 



As in experiments that use radioactive 
probes, the yield of the labeling reaction 
ihould be estimated to ensure the success 
of the reaction and to approximate the 
amount of probe to be used in the hybridi- 
zation experiment. A simple dot blot 
method is used to estimate probe yield; the 
protocol can be found on page 33. Before 
hybridization, we also recommend that 
the optimal probe concentration be deter- 
mined with a "mock hybridization", where 
various amounts of probe in hybridization 
solution arc hybridized to naked pieces of 
membrane. This brief procedure ensures 
high sensitivity and avoids the possibility 
of high background attributable to a probe 
concentration that is too high (see page 42). 

DIG Detection 

Several alternatives are available for the de- 
tection of digoxigenin-labeled probes. 

► DIG Luminescent Detection Kit for 
Nucleic Acids - Uses the chcmilumines- 
cent alkaline substrate CSPD* to pro- 
duce a light signal, which is detected by 
exposing the membrane to an X-ray 
film. J 

► DIG Nucleic Acid Detection Kit - Uses 
the colorimetric substrates NBT and 
BCIP to generate purple/brown preci- 
pitate directly on the membrane. 

► Multicolor Detecrion Set - The set com- 
prises three naphihol-AS-phosphate/ 
diazonmm salt combinations for the 
visualization of a green, red, or blue hy- 
bridization signal; the dyes arc used in 
combination with the DIG Nucleic 
Acid Detection Kit or the correspond- 
ing single reagents. 


There » also a wide range of alternative 
anti-digoxjgcmn conjugates available, such 
as Anti-Digoxigenin-Peroxidase, Ami- 
Digoxigcnin-Gold, Anti-Digoxigeuin-Flu- 
orescem, Anti-Digoxigenin-Rhodamine, 
Anu-Digox^enin-AMCA. See Appendix 
C for a complete listing. 

The Power of the DIG System 

The DIG Nonradioactive Nucleic Acid 
Labeling and Detection Sysiem can be 
used for smgle-copy gene detection on 
human genomje Southern blots, the detec- 
. non of unique mRNA species on Northern 
blots, coony and plaque screening, 
dot/slot blots, and in utm hybridization. 
Examples and protocols for these applica- 
tions (except for in situ hybridizations) can 
be found throughout the DIG System 
User's Gride. Sec Figure 2 for an overview 
of DIG System labeling and detection al- 
ternatives. For a comprehensive treatment 
of nonradioactive m sun hybridization, ask 
for a free copy of Boehringer Mannheim's 
Nonradioactive /„ Sitn Hybridization 
Manual . The DIG Sysiem can also be 
used for nonradioactive sequencing; see 
page 70. 6 
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Introduction 


An Overview of the DIG System 
User's Guide 

Intent of the User's Guide 
This manual describes all the digoxigcnin 
labeling methods and all the alkaline phos- 
phatase-based detection assays. All label- 
ing and detection methods are presented in 
one manual so that users of the DIG Sys- 
tem have a convenient reference on which 
to base their experiments. 

What's New About this Version 
of the User's Guide 

This version of the DIG System User's 
Guide for Filter Hybridization includes 
expanded procedures for labeling DNA 
probes with DIG by PCR. In addition, it 
includes many newly released products 
that increase the convenience of the DIG 


System, such as the DIG Oligonucleotide 
5*-End Labeling Set, DIG Easy Hyb, and 
the DIG Wash and Block Buffer Set. 

How to Use the User's Guide 
To use the User's Guide, simply select one 
of the stand-alone sections from each divi- 
sion, choosing one labeling method, one 
hybridization technique, and one detec- 
tion method. If you have not already done 
so, you can then order the required DIG 
kits or individual DIG System compo- 
nents (listed in the "Required products- 
table) by consulting Appendix C for com- 
plete ordering information. Upon receiv- 
ing a DIG kit, immediately refer to Ap- 
pendix A, which contains a complete 
listing of each kit's components. Use the 
following flow chart to perform nonradio- 
active nucleic acid labeling and detection. 


Read "General Considerations lor Labeling" (page t2) 
I 

Perform one labeling procedure (pages 14-32) 


DNA Labeling Oligonucleotide Labeling flNA Labeling 

„ • OllgonudeotWe . m ¥it ro transcription 

• Random primed 3'-end labeling 

' Nick translation . Oligonucleotide tailing 

• Preparing cDNA . Oligonucleotide 
with OIG-dUTP 5'-end libeling 


I 


Estimate the yield of DIQ-labeled probe (pagei 33-3S) 
I 

Read "General Considerations for HybiJdlMtlon'' (page 42) 


Perform one hybridization procedun (pigei 45-66) 
Southern blot 
DNA dot blot 
Colony/plaque hybrldlxa lions 
Northern blot 
' flNA dot Mot 


Perioral one detection procedure {pages 68-67} 
Chemllumfnescent detection 
Colorimetric detection 
Multicolor detection 

A 

Flgun 3: Flow chart lor tiling the 0/0 Syi fern Uur>i Guide for Filter HybrlClietlon 



Chapter 1 • General Considerations for Labeling 


Tabic i ► 


Template Purity 

In general, the higher the purity of the 
DNA template, the better the labeling effi- 
ciency. We routinely phenol: CHCIj extract 
our DNA template! prior to the labeling 
reaction, in addition, for the random 
primed DNA labeling method, it is critical 
that you linearize and heat -denature the 
template prior to the labeling reaction. 

Oligonucleotide* should be gel purified or 
HPLC purified prior to 3'-cnd labeling or 
3 '-tailing. 

Labeling Procedures 

When wing the DIG System, DNA probes 
can be labeled by a number of methods. 
RNA probei arc labeled by in vitro tran- 
scription. Oligonucleotides are libeled by 
3 -end labeling, 3'-tailing, or 5 '-end labeling. 


The choice of probe labeling method will 
be dependent on the following factors: 

► The application you have; e.g. are you 
performing Nonhern blotting or South- 
ern blotting. 

► The template you have available for 
probe preparation; e.g. cloned insert or 
oligonucleotide. 

► The sensitivity that must be achieved; 
e.g. single copy gene detection or detec- 
tion of amplified DNA fragments. 

Tabic 1 lists the most suited labeling meth- 
ods for the different applications, with in 
indication of the sensitivity that can be 
achieved. 


Application 

Labeling Method 

Relative 
Sensitivity 

Southern blotting 

Random primed DNA labeling 
Incorporation of DIG- 1 1 -dUTP during PCR 
Labeling RNA by in vitro transcription 
3'-Tatling of oligonucleotides 
3*- and/or 5'-End labeling of oligonucleotides 

+++ 

+4+ 
+ ++ 
++ 
+ 

Northern blotting 

Labeling RNA by in vitro transcription 
3'-Tailing of oligonucleotides 
3'- and/or 5"-End labeling of oligonucleotide! 
Random primed DNA labeling 
Incorporation of DIG-1 1-dUTP during PCR 

++++ 
++ 
+ 
++' 
++' 

Dot-/slot blotting 

Random primed DNA labeling 
3'-Tailing of oligonucleotide* 
3 '-End labeling of oligonucleotide! 
Labeling RNA by in vitro transcription 
Incorporation of DIG-1 1-dUTP during PCR 

+-f + 
+++ 
++ 
+++ 
+++ 

Colony /plaque 
hybridization 

Random primed DNA labeling 

3*- and/or 5' -End labeling of oligonucleotides 

Incorporation of DIG-1 1 -dUTP during PCR 

+++' 
+++ 
+++' 

Sequencing 

5'-End labeling of oligonucleotides 

+ + 

In Situ Hybridization 

Nick translation 

Labeling RNA by in vitro transcription 
3 '-Tailing of oligonucleotides 
Incorporation of DIG-1 1-dUTP during PCR 

++ 
+++ 

•M- 
++ + 


1 DNA probei cannot be recommended tor Northern blottln 0 . and mould only t» used when no other 
possibility re mains. 

2 Care must be taken that probei obtained from plasmlds contain no vector sequences. 
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Assay of Old-labeled Probes 
It is important to check the efficiency of 
each labeling reaction. The purpose of this 
is to 

► confirm the success of the labeling reac- 
tion 

► estimate the yield of DIG-labeled 
probe, which must be known for the 
subsequent hybridization step. 

Probe assay procedures are easy to per- 
form and arc described in the section enti- 
tled "Estimating the Yield of DIG-labelcd 
Nucleic Acids", which begins on page 33. 
DIG-labeled controls provided in the DIG 
kits or sold separately are required for 
these probe-estimation assays. The estima- 
tion of probe yield can also conveniently 
be performed with the DIG Quantification 
Teststrips and DIG Control Teststrips. 

Storage of DIG-labeled Probes 
One of the major advantages of the DIG 
System is the long-term stability of DIG- 
labeled probes. DIG-labeled DNA probe 
solutions can be stored « -20*C (DIG- 
labeled RNA probe solutions should be 
stored at -70* C) for at least I year without 
loss of activity. 


Chapter 2 • DNA Labeling 


Producu required 


Required product Description 


Incorporation of Dlfloxigenln-11-dUTP 
During PCR 

Digoxigenin-11-dUTP (DIG-dUTP) can 
be incorporated by Taq DNA Poly m erase 
during polymerase chain reactions. The re- 
sulting probei are very sensitive, and [he 
yield from ihe labeling reaction ti quite 
high. 

Generation of DIG-labeled Probes with the 
PCR DIG Probe Synthesis Kir 
The PCR DIG Probe Synthesis Kit (Cat. 
No. 1 636090) provide* maximum conven- 
ience in generating DIG-labelcd probes by 
PCR. This kit's ready-io-use PCR DIG 
Probe Synthesis Mix features a 1:2 DIG - 
H-dUTP:dTTP ratio. This ratio can be 
used to produce probes for a wide range of 
filter hybridization applications. Probes 
generated with ihij kit can be used to de- 
tect single-copy genes in genomic South- 
ern blotting procedures. 


Available as 


PCR buffer without 1 00 mM Tris-HCl; 500 mM KO; pH 8.3 (20*C) • Vial 3, PCR DIG Proba 

MflCli Synthesis Kit 

MoCI, atock solution 25 mM MoCJ, . vial 4, PCR 0IG Probe 

; Synthesis Kit 

PCR 0IG Proba 2 mM dATP, 2 mM dCTP. 2 mM dGTP, 1 .3 mM HTTP, • Vial 2 PCR DIG Probe 

Synthetli Ml* 0.7 mM alkali-labile 016-1 1-dUTP. pH 7.0 Synthesis Kit 

Taq DNA Polymaratt 5 Uful Teq DNA Polymerase . vis) t, PCR DIG Probe 

Synthesis Kit 

Control templale 20 pgVyl plasmld DNA m Trls/EDTA bufler, pH 8.0 • Via) 5. PCR DIG Probe 
(lor control The S kb plasmld contains the cDNA tor human Synthesis Kit 

ructions only) tissue type plasminogen activator (IPA) . 

Control PCR primer 2 uM ol each control PCR primer 1 and 2 • vial 6 PCR DIG Probe 

ml* tint nnntnl _ ' 


Thit product Is sold under licensing 
arrangements with Roche Molecular 
Systems end the Perkln-Elmer 
Corporation. For complete dta- 
cialmer. see Inside back cover. 



Additionally required reagents 


In addition to the reagents provided in the 
PCR DIG Probe Synthesis Kit and your 
template DNA, you will need the follow- 


ing reagents: 

1 Additionally required reagent 

Description 1 

H,0 

Sterile, distilled water 

Upstream Primer 

t-10 uM upstream primer solution 

Downs tree m Primer 

1-10 yM downstream primer aotutton 

Mineral oil 

Mineral on lor over laying empIIOcetlon reactions 
(e.g , Sigmi, Cat. No. MSB04) 


14 


Chapter 2 . DblA Labeling 


Procedure 

O Add the following components to a ster- 
ile microcentrifuge rube. Place the tube 
on ice during pipetting. T 


Reagents 

Volume 

Volume (Control 
Reaction) 

Final 
- Concentration 

H,0 

variable 

26.6 pi 


PCR buffer 
without MgClj 

5 pi 

5 pi 

lx(10mMTris-HCl, 
50 mM KCI) 

MgCIj t tock solution 

2-10 pi 

Jul 

1-5 mM 

PCR DIG Probe 
Synthesis Mix 

5 pi 

5 H l 

200 pM dNTP 

Upstream Primer and 
Do wast ream Primer 
or 

variable 


0.1-1 pM of each 
primer 

Control PCR primer mix 


5 pi 

0.2 pM of each primer 

Taq DNA Polymerase 

0.1-0.5 pi 

0.4 pi 

0.5-2.5 U/50pl 

Template DNA 
or 

variable* 


variable 

Control template 


5pl 

2pg/p| 

Total Volume 

50 p] 

50 p| 



© Mix the reagents, and centrifuge briefly 
to collect the sample at the bottom of 
the tube. 

O Overlay with 1 00 pi mineral oil to reduce 
evaporation of the mix, and amplify. 
Cycling conditions depend on the 
respective template primers and the 
thermocycler. For general information 
about amplification conditions see refer- 
ence 1. Cycling parameters for the con- 
trol reaction are as follows: 
Denature at 95* C for 7 min before the 
first cycle. 
For 30 cycles: 

Denature at 95'C for 45 sec 

AnneaJai60"Cfor I min 

Extend at 72° C for 2 min. 
The control reaction generates an ampli- 
fication product of 442 bp. 


► Optimization of reaction conditions 
PCR products can directly amplified and 
labeled from low amounts of genomic 
DNA ( 1 ng - 50 ng} and subsequently be 
used as hybrid izau'on probes. Optimal 
reaction conditions have to be adapted to 
each template/primer combination. In 
particular incubation times and tem- 
peratures, concentration of Mg J * and 
enzyme but also concentration of tem- 
plate and primer should be optimized. 


► Anatysu of PCR products 

After amplification analyse an aliquot of 
the reaction mixture (10 p!) by agarose 
gel electrophoresis. For use of the PCR 
product as a hybridization probe in 
genomic blots, a specific band should be 
visible after ethidium bromide staining 
following gel electrophoresis. Even mi- 
nor amounts of by-products can influ- 
ence the specificity of the hybridization 
when total genomic DNA is used as 
PCR template. 

The control reaction generates an ampli- 
fication product of 442 bp. Due to mul- 
tiple incorporation of DIG-dUTP dur- 
ing the PCR process the molecular 
weight of the PCR product is increased 
significantly compared to the unlabeled 
product. 

^ Removal/avoidance of umpecific 
by-products 

When using complex genomic templates 
for PCR DIG probe synthesis, the 
generation of even minor amounts of 
unspecific by-products influence signif- 
icantly the specificity of hybridization 
to total genomic target DNA. This is 
due to the high sensitivity of the labeled 
probes generated during the PCR. Even 
in case no by-products are visible after 
ethidium bromide gel analysis of the 


'Consider the following template 
DNA amounts as guideline* when 
generating PCR probes for the 
da taction of tingle-copy genes: 
human genomic DNA; 1-50 ng; 
plasmloDNA: 10-100 pg. 
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PCR product, wc recommend to purify 
the labeled specific PCR product before 
using it w i hybridization probe on 
genomic blow. Separate the total PCR 
mixture using an agarose gel, cut the 
correct band from the' geJ and isolate 
the PCR fragment by established meth- 
ods, like extraction with the Agarose 
Gel DNA Extraction Kit (Cat. No 
1696505). 

When using cloned plasmid templates 
for PCR DIG probe synthesis typically 
minor amounts of by-products do not 
influence the specificity of hybridiza- 
tion to genomic target DNA. In this 
case no purification of the PCR DIG 
probe is necessary. However, when 
major amounts of by-products are 
generated from cloned templates, we 
'recommended to reduce the amount 
of template in the PCR reaction, 
thereby minimizing unspecific ampli- 
fication. 

> Analysis of PCR products by 
direct detection 

When a blot is to be re-hybridized it 
is important that the signal from the 
previous hybridization can easily be re- 
moved. The PCR DIG probe synthesis 
mix (vial 2) therefore contains alkali-la- 
bile Digoxigenin- 1 1 -dUTR which can 
be easily removed with an alkali strip- 
ping solution. The instability of the 
DIG probe in alkali-solutions do not 
allow that the PCR DIG Probe is trans- 
ferred to membranes using alkali solu- 
tions. When you want to analyze the 
probe after electrophoresis and transfer 
to a membrane, you have to use neutral 
transfer solutions. 

When the PCR product ii not to be used 
n a probe but labeled with digoxigenin 
to allow sensitive detection of the PCR 
product itself, we recommend to use a 
dNTP mix with a lower Digoxigenin-1 1- 
dUTP:dTTP ratio. This is provided in 
the PCR DIG Labeling Mix (Cat. No. 
1 585 550) where the ratio of Digoxigenin- 
1 J -dUTP (alkali-stable) to dTTPis 1:19. 


Random Primed DNA Labeling 

DNA can be labeled with Digoxigenin-11- 
dUTP using the random primed method. 
For optimal results, the template DNA 
should be linearized and purified by at 
least one phenol/chloroform extraction 
and ethanol precipitation prior to labeling. 
Templates of 100-10,000 bp label efficient- 
ly and produce probes with maximal sensi- 
tivity; therefore, templates >10 kb should 
be restriction-digested prior to labeling. 
For genomic Southern hybridizations, wc 
recommend that you separate the insert 
from vector sequences before labeling. 

Standard Random Primed 
UNA Labeling Reaction 
The aim of the standard Random Primed 
DNA labeling reaction is to produce a 
sufficient amount of a digoxigenin-labeled 
probe in the shortest amount of time 
(1 hour); this 20 pi reaction will yield a 
minimum of 260 ng of digoxigenin-labeled 
probe from 1 ug of DNA template (see 
Table 3). In this standard reaction, one 
digoxigenin molecule is incorporated in 
every 20-25 nucleotides. 


What to do next 



actiant, it is extremely important that you 
verify labeling efficiency in a direct detec- 
tion attay. Prior to hybridization, proceed 
to the 'Estimating the Yield of DIG-tabcled 
Nucleic Acids' protocol on page JX 


Producu required 

Most of the reagents required for random 
primed labeling are available separately, in 
the DIG DNA Labeling and Detection Kit 
{Cat. No. 1093 657), or in the DIG DNA 
Labeling Kit (Cat. No. 1 175033). 


Name in procedure 


Hoxanudeotlda mhttnrt (10 x) 


62.5 Aaa units/ml (1 .56 mg/ml) random 
hexanudeotides, 500 mM Trls-HO; 100 mM MgCI,. 
1 mM Ditntoer ylhrltol (DTE). 2 mg/ml BSA; pH 7.2 


• Vis) 5. DIG DNA Labeling and Detection Kit 

• Vial 5, DIG OKA Ubellno Kit 

■ Heianucleotido Mix (Cat. No. 1 277 031) 


dNTP labtling mixture (10 i) 


1 mM dATP, 1 mM dCTP, 1 mM dGTP. 0.65 mM dTTP 
0.35 mM alkali-labile DIG-dUTP; pH 6.5 


Klenow enzyme, labeling grada 


2 unlts/pi DNA Polymerase I 
(Klenow enzyme, large fragment) 
labeling grade, from E. coli 


• Vtaf 6. 016 0NA Labeling and Detection Kit 

•Vial 6. DIG DNA Labeling Kit 

» DIG DNA labeling MU (Cat. No. 1 277 065) 


Unlabeled Control OKA 2 
(for control reaction only) 


200 mg/ml pBR328 that has been linearized 
by fto Ri 


• Vial 7, DIG DMA Labeling and Detection Kit 

• Vial 7. DIG DNA Labeling Kit 

• Klenow enzyme (Cat. Nos. 1 008 404, \ 008412) 

• Vial 2, DIG DNA Labeling and Detection Kit 

• Vtal 2. DIG DNA labeling Kit 


Additionally required solutions 

In addition to the products above and your 
DNA template, you will need the follow- 
ing solutions. 


1 Additionally 

Description 

1 required solution 



Sterile, distilled water 


EOTA 


200 mM EOTA, pH 8.0 


Template DNA 

lb 

20 h 

10 ng 

15 ng 

50 ng 

30 ng 

30 ng 

120 ng 

100 ng 

60 ng 

260 ng 

300 ng 

120 ng 

500 ng 

1000 ng 

260 ng 

780 ng 

3000 ng 

530 ng 

890 ng 


•4 Table 2; Effect cf template 
emount and labeling time on 
probe yield. The amount bi 
synthealzed DtG-labetcd DNA In- 
creases with the amount ol DNA 
template In the labeling reaction 
and the length ot the incubation 
time at +37* C. Yields may vary 
from this example because of 
template purity, sequence, etc. 


Procedure 

O Dilute t pg DNA template in H,0 to a 
total volume of 15 ui (10 ng-3 ug DNA 
template can be labeled with this pro- 
cedure. Larger amounts can be labeled 
by scaling up of all components and vol- 
umes). For control reactions, mix 5 pi 
unlabeled control DNA 2 and 10 ul 
H 3 0. 

© Heat-denature the DNA template in a 
boiling water bath for 1 0 min, and quick- 
ly chill it on ice. 

We have found that denaturation using a 

heating block is less effective and may 

result in lowered labeling efficiency. 
© Add 2 ul Hexanudcctide mixture (lOx) 

and 2 pi dNTP labeling mixture (lOx) to 

the tube (on ice). 
© Add I ul Klenow enzyme, labeling gride, 

for i final concentration of 100 U/ml, 

and mix. 


© Incubate the reaction tube at +37"C for 
it least 60 min. 

Longer incubations (up to 20 h) will in- 
crease the yield of DIG -labeled DNA 
(Table 2). 

© Add 2 pi EDTA to the reaction tube. 
Thij terminates the labeling reaction. 


What to do next 



actions, it is extremely important that you 
verify labeling efficiency in a direct detec- 
tion astay. Prior to hybridization, proceed 
to the 'Estimating the Yield of DlC-labeled 
Nucleic Acids ' protocol on page 33. 

for filter hybridizations, it is usually not 
necessary to clean up the probe prior to hy~ 
bridiiation. However, if you have a desire 
to clean up the probe or if you will be using 
it for in litu hybridization, see page 39. 


17 


Chapter 2 « DNA Labeling 


Random Primed Labeling with DIG-Hlgh Prime 
The DIG-High Prime (Cat No. 1 585606) 
offen a convenient alternative io random 
primed labeling with the DIG DNA Label- 
ing and Detection Kit, DtG DNA Label- 
ing Kit or individual labeling rcagenu. Sen- 
sitive DIG-labelcd probes can be generated 
easily with this 5x concentrated labeling 
mixture of random hexamers, dNTP mix 
containing alkali-labile Digoxigenin-1 1- 
dUTP, labcling-grade Klenow enzyme, 
and an optimized reaction buffer. DIG- 
High Prime minimizes the hands -on time 
required to label DNA probes and elimi- 
nates most of the pipetting and mixing of 
reagents and buffers. 

Products required 


flame in procedure Description 


DIG-Wob Prune 


DIG-Hlgh Prime (random fwxamert, t mM 
dATP. I mM dCTP. 1 mM dGTP, 0.65 mM dTTP, 
0.35 mM alluill-labile-dlooilgenln-U-duTP. 
1 U/ut tabBtlng-srado Klenow enzyme. 
5 1 reaction butter) in 50% (v/v) Glycerol 


Additionally required solutions 


'Cat. No. 1585 606 


In addition to DIG-High Prime and your 
DNA template, you will need the follow- 
ing solutions. 


1 Additionally 

Description 1 

1 required solution 



Startle, dialled water 

EDTA 

200 mM EDTA, pH 1.0 . 

Procedure 



O Dilute 1 ug DNA template (linear or su- 
pcrcoilcd) in H z O for a total volume of 
16 ul. 10 ng-3 ug DNA template can be 
labeled with this procedure. When vary- 
ing the amount of template DNA differ- 
ent amounts of DIG-labeled DNA are 
obtained (Table 3). 

O Heat-denature the DNA template in a 
boiling water bath for 1 0 min, and quick- 
ly chill it on ice. 

We have found that denaturation using a 
heating block is less effective and may 
result in lowered labeling efficiency. 

O Add 4 ul DIG-High Prime, mix, and 
centrifuge briefly. 

© Incubate the reaction tube at +37"C for 
at least 60 min. 

Longer incubations (up to 20 h) will 
increase the yield of DIG-labeled DNA 
(Table 3). 

© Add 2 pi EDTA to the reaction tube. 
This terminates the labeling reaction. 


Yield of DIG-High Prime labeling reaction 


10 ng 
30 ng 
100 ng 
300 ng 
1000 ng 
3000 ng 


Tib!. 3: 

Using the DIG-High Prime solution labeling reactions 
were performed with increasing amount* of different 
template ONAa for 1 rt and 20 h. 


In 

20 h 

45 ng 

600 ng 

130 ng 

1050 ng 

270 ng 

1500 ng 

450 ng 

2000 ng 

850 ng 

2300 ng 

1350ng 

2650 ng 


Random Primed Labeling of DNA 

in Low Melting Point Agarose 

DNA can also be labeled directly in low 

melting point agarose. 

Procedure 

O Excise the DNA fragment to be labeled 
cleanly from a low melting point aga- 
rose gel and transfer it to a 1.5 ml micro- 
centrifuge tube. 

© Add sterile redist. water to a ratio of 
3 ml/g gel and heat the tube for 7 min at 
1 00* C co melt the gel and denature the 
DNA. 

O After cooling to 37*C; the DNA/agarose 
mixture can be used directly for labeling 
in the standard procedures. The amount 
of hcxanucleocides/dNTP rnixture/Kle- 
now enzyme or the amount of DIG- 
High Prime mun be adjusted to the 
higher final volume. 

Note: DNA labeled in agarose may not be 
subjected to ethanol precipitation, but 
must be purified by get filtration. 
We recommend to protonge the incuba- 
tion time to overnight in order to increase 
the yield of DIG labeled DNA. 


What to do next 


For all labeling re- 
actions, it ii extremely important that you 
verify labeling efficiency in a direct detec- 
tion assay. Prior to hybridization, proceed 
to the 'Estimating the Yield of DIG-labeled 
Nucleic Adds ' protocol on page 33. 

For filter hybridizations, it is usually not 
necesiary to clean up the probe prior to hy- 
bridization. However, if you have a desire 
to clean up the probe or if you -will be using 
it for in titu hybridization, seepage 39. 
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Nick Translation with 
Dlgoxlgenln-11-dUTP 

Nick translation is a well -established tech- 
nique for labeling DNA probes. The reac- 
tion uses DNase I to create single-stranded 
nicks in double-stranded DNA. The 5-3' 
exonuclease activity of £. coli DNA Poly- 
merase 1 enters the nicks and removes 
stretches of single-stranded DNA; the 
degraded DNA is then replaced with la- 
beled deoxyribonucleotides by the 5-3' 
polymerase activity of the polymerase (1 ). 

For routine blotting experiments, random- 
primed DNA labeling has perhaps over- 
shadowed nick translation because of the 
higher specific activities obtained. How- 
ever, nick translation is an especially useful 
labeling method for in situ hybridization 
experiments because it allows the lengths 
of the labeled DNA fragments to be con- 
trolled. Probe size is a critical parameter in 
in situ hybridization experiments because 
the probe has to be small enough to pene- 
trate the tissue or cells. 

Probe lengths of 200-500 bp are well suited 
for in situ hybridization experiments, and 
such probe lengths are readily obtained 
with the nick translation protocol below. 
The procedure w« originally described by 
Rigby et al. (1) and tested for nucleotide 
analogues by Langer et al. (2). 

Standard Labeling Reaction 
Products required 


flame in procedure 


DIG- Kick Translation 
Mix for In tltu probes 


Procedure 

© Place a 1.5 ml microcentrifuge tube on 
ice and add to the tube: 

16 pi sterile redistilled water contain- 
ing 1 ug template DNA (not dena- 
tured, linear or supercoiled) 
4 ul DIG -Nick Translation Mix. 
©Mix ingredients and centrifuge the tube 
briefly. 

© Incubate at +15 , C for 90 min. 
O Chill the reaction tube to O'C 
© Take a 3 pi aliquot from the tube and 
run the sample on an agarose minigel 
with a DNA molecular weight marker. 
© Depending on the average ji2e of the 
probe, do one of the following: 

if the probe is between 200 and 500 
nucleotides long, go to step 7. 
if the probe is longer than 500 nucleo- 
tides, incubate the reaction further at 
+ 15*C,. until the fragments are the 
proper size. (Alternatively, the probe 
• can be sonicated to obtain the proper 
size). 

© Stop the reaction by adding 1 pi 0.5 M 
EDTA to the tube. Heat the tube to 
65*Cfor 10 min. 

Note: For nonradioactive nick translation 
with biotin incorporation vie recommend 
the Biotin-Nick Translation Mix for in sir* 
probes ( Cat No. 1 745 824). For incorpora- 
tion of fluoropbort-labeled nucleotides, a 
Nick Translation Mix for in situ probes is 
available (Cat. No. 1745808, fluorophore- 
labeled nucleotide must be purchased sepa- 
rately). 


Description Available as 


5x cone, atebfllied reaction butter in 50% glycerol • Cel. No. 1 745 81 0 
(v/v) end DNA Polymerase I, DNase 1, 0.25 roM dATP. 
0.25 mM dCTP, 0.25 mM dGTP, 0.17 mM oTTP end 
O.oamMDIG-11-cUTP 


Additionally required solutions 

In addition, you will need the following 
solutions. 


Additionally required cotutioi 


0.5 M EDTA. pH 8.0 (25"0 
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A Comparison of Oligonucleotide* T * li> " c " on briefly outlines the three oli- 

labellng Methods gonucleotide-labeling methods, each of 

which produces probes that are optimized 
Synthetic oligonucleotide probes are wide- for , P* cific applications (see Table 4). 
ly used in library-screening procedures, 

Southern and northern blots, dot blots Ollflonuclaollde 3'-Entf Labefino 
and w situ hybridization experiments. To (D ' 6 OII O on uclaotide 3'-End Labeling Kit) 
provide researchers with maximum flexibil- T ! IC DIG Oligonucleotide 3'-End Labeling 
ity, Boehringer Mannheim has developed K,t J CaL No ' 1 362 372 ) 11 designed for the 
three methods for labeling oligonucleo- Edition of Digoxigenin-1 1 -ddUTP (DIG- 
tides with digoxtgenin (Figure 4). ddUTP) to the 3' end of a synthetic oli- 

gonucleotide 1 4-1 00 nucleotides in length. 
DM ^ The enzyme terminal transferase adds one 

3' and labeling I digoxigenin residue per oligonucleotide 

5> y because chain elongation cannot proceed 

past the didcoxy nucleotide. Each labeling 
reaction generates about 100 pmol of la- 
beled probe (equal to 1 pg of a 30-mer). 
DIG Pr ° b ". labeled with this method retain 

3-taflk>g T Tj their high degree of specificity and, despite 

the additional didcoxynuclcotide, can still 
3 1 be treated under the same optimal hybridi- 
tation and washing conditions (i.e., temper- 
ature and salt concentration). In addition, 
^016 this method enables nonradioactive DIG 

5* end labeling C^^ss^^^s labeling of conventionally synthesized oli- 

gonucleotides; therefore, the nonradioac- 
A . B ' 3 ' tive label DIG-ddUTP can be linked to the 

Figure 4: Options for nonradioactive ollgonucleo- oligonucleotide without using any speciil 
Ude labeling, reagents for oligonucleotide synthesis. 

These probes are particularly suited for 
experiments that require maximum probe 
ipecifictty and moderate probe sensitivity 
(see Table 4). 


Labeling 
method 

Amount of Probe probe 
ofigo produced sensitivity specificity 

Major 

characteristics 

Application 

3 '-•no labeling 

lOOpmol per reaction 


+++ 

• Addition of a 
single DIG residue 

Dot/slot blotting 
Colony/plaque hybridlietlon 
Northern blots 
Southern blots 

3' tailing 

lOOpmof per reaction 

+++ 


•Addition of multiple 
DIG residues 

tntltu hybridization 
Northern blots 
Southern biota 
Dot/slot blots 

Colony/plaque hybridization 

B'-end labeling 
with DIG-NHS 
ester 

lOOnmol per resctlon 

♦+ 


• Oligo must be 
synthttlied with 
aminollnker 

• Good (or 
large-scale labeling 

• Chemical reaction 

Sequencing 
Primer extension 
Northern blots 
Southern blots 
Colony/plaque hybridization 
Dot/slolbfoti 


Tebia 4: Overview of Oligonucleo tid.-labi ling 
methods. 
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Oligonucleotide 3' Tailing 
(DIG Oligonucleotide Tailing Kit) 
The DIG Oligonucleotide Tailing Kit (Cat. 
No. I 417231) is designed for the addition 
of a tail of residues ranging from 10-100 
b«es in length. In the 3' tailing reaction, 
terminal transferase adds a mixture of un- 
labeled nucleotides and Digoxigenin-M- 
dUTP, producing a tail containing multiple 
digoxigenin residues. The resulting probes 
arc about ten times more sensitive than 
3'-end labeled probes produced with the 
DIG Oligonucleotide 3'-End Labeling Kit. 
Although tailed oligonucleotide probes are 
more sensitive than 3'-end-labeled probes, 
they can also produce non-specific back- 
ground due to the presence of the longer 
tail. For example, if rhe unlabeled nucleo- 
tide used in the tailing reaction is dATP, the 
probe may be inclined to anneal to T-rich 
regions in complex nucleic acid mixtures. 
Such non-specific signals can be minimized 
by choosing a different unlabeled nucleo- 
tide to utilize in the tailing reaction, by 
prehybridizing with a competing sequence 
(e.g., po!y(A)),or by altering the stringency 
conditions. 


The resulting probes can be produced in 
large quantities (100 nmol per reaction), 
are specific, and have a sensitivity com- 
parable to that of 3 '-end-labeled probes 
(i.e., approximately 10 pg can be detected 
in a dot blot). The probes are suitable for 
applications such as library screening and 
dot blot hybridization experiments. 

Another useful feature of 5 '-end-labeled 
oligonucleotides is that the 3* end is free to 
act as a primer for DNA-synthcsis reac- 
tions. Thus, extension reactions, such as 
PCR , can be conducted with labeled prim- 
ers, allowing the nonradioactive tagging of 
the reaction products. Subsequently, the 
labeled extension products can be detected 
or be purified by affinity chromatography 
using anti-digoxigenin antibodies. 


What to do next 


^ At this time, proceed 

to the section on the appropriate otigo- 
nucleotitie'labeling method to prepare your 
probe. 


S'-End Labeling Oligonucleotides 

(DIG Oligonucleotide S'-End Labeling Set) 

Oligonucleotides can be chemically tagged 
with digoxigenin at the 5' end in a two-step 
procedure with the DIG Oligonucleotide 
5'-End Labeling Set (Cat. No. 1 480 863). 
In the first step, the oligonucleotide is syn- 
thesized with an aminolinker residue on its 
5' end. After the synthetic oligonucleotide 
is purified, the second step involves the 
covalem linkage of digoxigenin-NHS ester 
to the free 5 '-amino residue. 


Chapter 3 * Oligonucleotide Labeling 


'Potassium cacodytate Is toxic. Wear 
gloves when handling. Discard bs 
regulated (or toxic waste. 


3'-End Labeling Oligonucleotides with Dlgoxigenln-11-ddUTP 

Standard 3'-End Labeling Reaction 
Products required 


The DIG Oligonucleotide 3'-End Labeling 
Kit (Cat, No. 1 362372) contains alt of the 
components needed to make 3'-end- 
labeled oligonucleotide probes with dig- 
oxigenin. The kit also contains a DIG- 
ddUTP- labeled control oligonucleotide, 
which should be used in a direct detection 
asjay to estimate the yield of DIG-Iabe!ed 


Name in procedure Description 


5x reaction bufttr 


1 M potassium cacodytale", 125 mM Trla-HCl, 
1,25 mo/ml bovine serum albumin. pH 6.6 (t25"C) 


CoCt, 


25 mM cobalt chloride (CoCli) 


0 IG-d dlTTP 1 mM OigoxiQsnln-t t -ddUTP (2'.3" -dideoxyuridlne- 5'- 

triphosphate, coupled to digoxlgenin via an 11 -atom 

spacer arm) in redistilled w ater 

Terminil Transferase 50 imita/ul terminal transferase, in 200 mM potassium 
cicodyW, t mM EDTA. 200 mM KCI, 0.2 mo/mt bovine 
serum albumin; 50% (v/v) glycerol; pH 6.5 {+25* C) 


Unlabeled Control 30-roer, S'-pTTG GGT AAC GCC AGG GTT TTC CCA GTC ACG 0H-3' 
Oligonude otlde ((or homologous to the fee T region tn pUC and M1 3 ptasmids 
control ructions only) In redistilled water 


oligonucleotide (see page 33), as well as an 
unlabeled control oligonucleotide for la- 
beling, and a control DNA for hybridi- 
zation. The DIG-ddUTP-labeled control 
oligonucleotide and kit components re- 
quired for labeling are also available as 
separate products. 


• Vial 1. DIG Oligonucleotide 3' -End Labeling Kit 
» Supplied with terminal transferase 

• Vial 2, DIG Oligonucleotide 3'- End Labeling Kit 
» Supplied with terminal transf erase 

• Vial 2. DIG Oligonucleotide 3'-End Labeling Kit 

• DtG-ddU*TP (Cat. No. 1 363905) 

• Vial 4, DIG Oligonucleotide 3'- End labeling Kit 

• Terminal Transferase [Cat. No. 220532 (sold at 
25u7ul: contains 5x reaction buffer and cobalt 
chloride)] 

• Vial 5, DIG Oligonucleotide 3'-End Labeling Kit 


200 mM EDTA, pHfl.D 


Reagent] 


Volume Volume (Control 




Reaction) 

Concentration 

5 x Reaction buffer 

4 pi 

4 pi 

lx 

CoClj solution 

4 U 1 

4 pi 

5 mM 

Oligonucleotide 

variable 


5 pmol/pl 

or 

(lOOpmol) 


Unlabeled Control 
Oligonucleotide 


5pl(100pmol) 

5 pmol/pl 

DIG-ddUTP 

lpl 

I pi 

0.05 mM 

Terminal Transferase 

M 

1 H I 

2.5 units/pi 

HjO 

to 20 pi 

5 Hi 


Total Volume 

20 pi 

20 pi 



Additionally required solutions 

In addition to the DIG Oligonucleotide 3'- 
End Labeling Kit and your oligonucleotide, 
you wit! need the following solutions. 

Procedure • 

Purify (by HPLC or gel electrophoresis) the 
oligonucleotide to be labeled after synthesis. 
Most supplier) will do this for the customer. 
O Add reagents to a sterile microfuge tube 
(on ice) in the following order: 

©Incubate the reaction at +37"C for 

15 min. Place on ice. 
OAdd 1 pi EDTA to the reaction tube. 

This terminates the labeling reaction. 

Notes on subsequent hybridization 

► The labeled probe may be diluted in hy- 
bridization buffer without ethanol preci- 
pitation. The presence of unincorporated 
DIG-ddUTP will not cause a background 
problem if SSC buffer is used for hy- 
bridization and wash steps. However, if 
TMAC ii used in the wash and hybridi- 
zation buffer, or if the probe is to be 
used in in titu hybridization, ethanol pre- 
cipitate the labeled probe (see page 39). 
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What to do next 


* For all labeling re- 
actions, it is extremely important that you 
verify labeling efficiency in a direct detec- 
tion assay. Prior to hybridization, proceed 
to the 'Estimating the Yield of DIG-labeled 
Nucleic Acids' protocol on page 33. 

For filter hybridizations, it is usually not 
necessary to clean up the probe prior to hy- 
bridization. However, if you have a desire 
to clean up the probe or if you will be using 
it for in situ hybridization, seepage 39. 


3* Tailing Oligonucleotides with 
Olgoxigenln-11-duTP/dATP 

Standard Tailing Reaction 
Products required 

The DIG Oligonucleotide Tilling Kit (Cat. 
No. 1417231) contains all of the corapo- 
nenu needed to make tailed probes contain- 
ing DIG-dUTP/dATP residues. Nucleo- 
tides other than the dATP may be used to 
tail oligonucleotides; ice page 27 for the 
modified procedure. The kit also contains a 
DIG-dUTP/dATP-tailed control oligonu- 
cleotide, which should be used in a direct 
detection assay to estimate the yield of 
DIG -labeled oligonucleotide (see page 33). 
In addition the kit contains an unlabeled 
control oligonucleotide for labeling and a 
control DNA for hybridization. The kit 
components required for tailing are also 
available as separate items. 


Hame In procedure 


6 1 Reaction buffer 


1 M potassium cecedylete*, 125 mM Trla-HCI. 
1.25 mo/ml bovine serum albumin, pH 6.6 (+25* C) 


* Wall, DIG Oligonucleotide Telling Kit 

• Supplied with terminal transferase 


CoClf solution 


25 mM cobalt chloride (CoCl,) 


• Vial 2, DIG Oligonucleotide Tailing Kit 

• Supplied with terminal transferase 


1 mM0igoxioenlrh1t*dUTP(2'-dJdetayt]ri(Ilne-S*- 
trlphosphate, coupled to dlgoxtgenin via an 1 1-atom 
•pacer arm) to redistilled water 


• Vlai 3, DIG Oligonucleotide Tailing Kfl 

• OrG-dUTP, elk&IMabile 

(Cat Not. 1573 152, 1573 178) 

• OIG-dUTP, elkell-Biable 

(Cal, HQS. 1093 068, 1 558706. 1 570013) 


10 mM dATP solution; In Tris buffer, pH 7.5 


♦ Vial 4, DIG Oligonucleotide Tailing Kit 

• dATP [Cat. No. 1 051 440 (told as a 1 00 mM 
solution; must be diluted before use)} 


Terminal Transferase SO unlta/nl terminal trensf erase, in 200 mM potes slum 
wcodylate'. 1 mM EDTA, 200 mM KCI, 0.2 moAnl bovine 
serum aibumln; 50% (Wv) glycerol; pH 6.5 {+25* q 


Unlabeled Control. 
Oligonucleotide (for 
control reactions only) 


30-mer, 5'-pTTG GGT AAC GCC AGG GTT TTC CCA GTC ACQ 0H-3', 
homologous to the be Z'.region In pUC and Ml 3 plasmide 
m redistilled water 


• Vlai S, DIG Oligonucleotide Tailing Kit 

• Terminal Transferase (Cat. No. 220562 

(sold as 0.25 UVui; contains 6x reaction butter 
and cobalt chloride)] 


• Vlai 6, DIG Oligonucleotide Tailing Kit 


'Potassium cacodylate Is toxic. 
Wear gtoves when handling. 
Discard as regulated tor toxic waste. 


Additionally required lolutioni 

In addition to the DIG Oligonucleotide 
Tailing Kit and your oligonucleotide, you 
will need the following solutions. 


Additionally 

Description 

required solution 


M 

Sterile, distilled water 

E0TA 

200 mM EDTA, pK 8.0 
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Procedure 

The oligonucleotide to be labeled should 
be purified by HPLC or gd electrophore- 
sis after synthesis. Most suppliers will do 
this for the customer. 

© Add reagents to a sterile microfuge tube 
(on ice) in the following order: T 


Reagents 

Volume 

Volume (Control 
Reaction) 

Final 
Concentration 

5 1 Reaction buffer 

4 pi 

4 pi 

lx 

CoCI) solution 

4 pi 

4 pi 

5mM 

DIG-dUTP 

Ipl 

lpj 

0.05 mM 

Oligonucleotide 
or 

variable 
(lOOpmol) 


5 pmol/ul 

Unlabeled Control 
Oligonucleotide 


5pl(100pmol) 

5 pmolAjJ 

dATP 

J Ml 

lpl 

0,5 mM 

Terminal Transferase 

ipl 

Ipl 

2.5 units/pl 

H,0 

to 20 pi 

4 pi 


Total Volume 

20 pi 

20 pi 



When upscaling the labeling reaction 
all components have to be increased 
proportionally. Increasing only the oli- 
gonucleotide concentration results in 
inefficient labeling. 

©Incubate the reaction at +37* C for 
1 5 min and then place on ice. 

©Add 1 v \ EDTA to the reaction tube. 
This terminates the labeling reaction. 

Notes on subsequent hybridization 

► We have occasionally experienced back- 
pound problems when probes labeled 
in this manner are used in hybridization 
buffers containing TMAC. Hybridiza- 
tion buffers containing SSC are prefer- 
able when "long-tailed" probes are used. 
If it is necessary to use TMAC, we rec- 
ommend the use of an oligonucleotide 
probe labeled with DlG-ddUTP as well 
as ethanol precipitation before ust. 

► Use of tailed probes in hybridization 
experiments can sometimes cause non- 
specific hybridization of the tail to com- 
plementary sequences in the target 
DNA. To prevent this, add O.i mg/ml 
poly(A) (vial 11 or Cat. No. 108 626) 
and/or 5 pg/ml poly(dA) {Cat. No. 
223581) to the prehybridizau'on and 
hybridization buffer; this will block the 
target sequences. 


► Both the optimal concentration of la- 
beled probe in the hybridization buffer 
and the time required for hybridization 
depend on the amount of DNA or RNA 
that will be detected on a filter. Usually, 
the probe is diluted to 1-10 pmol/ml,' 
and the hybridization is carried out for 
1-6 hours in at least 3.5 m! of hybridi- 
zation buffer per 100 cm J of membrane. 

► Heat-denature the oligonucleotide prior 
to hybridization if secondary structure 
can be expected from the oligonucleo- 
tide sequence. 


What to do next 


For all labeling re- 
actions, it is extremely important that yon 
verify labeling efficiency in a direct detec- 
tion assay. Prior to hybridization, proceed 
to the "Estimating the YittdofDIG-labeted 
Nucleic Acids' protocol on page 33. 

For filter hybridizations, it is usually not 
necessary to clean up the probe prior to hy- 
bridization. However, if you have a desire 
to clean up the probe or if you will be using 
it for in situ hybridization, see page 39. 
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Oligonucleotide Tailing with 
Nucleotides Other than dATP 

Oligonucleotides can alio be tailed with 
DIG-dUTP and dGTP, or dCTP and 
■ dTTP, or a mixture of all four unlabeled 
dcoxynuclcoside triphosphates. See Table 5 
for tail lengths and incorporation rates for 
other nucleotides. ► 

Product! required 

In addition to the DIG Oligonucleotide 
Tailing Kit (Cat. No. 1 417231), the follow- 
ing products can be purchased separately 
when tailing oligonucleotides with other 
nucleotides. T 


DIG-dUTP/dNTP 
labeling mixture, 1:10 


dATP dCTP dGTP dTTP dNTP 


Average tail length 
Range of tail length 
DIG-dUTP/tail 


SO 
10-100 
5 


25 
1(M0 

2.5 


15 
10-25 
1.5 


10 
1-20 
1 


5 

1-10 
0.5 


Table S: TilMengthi end incorporation rales 
lor other nucleotides 


1 00 mMdCTP, lithium uK 


dCTPf&t Ho. 1051458) 


dGTP 

1 00 mM dGTP, tlthium silt 

»d6TP (Cat. No. 1051466) 

dTTP 

100nM dTTP, lithium ult 

• dTTP {Cat. No. 1 051 482) 

Deoiynucteotide 
Triphosphate Set 

dATP, dCTP, dGTP, dTTP; 
100fl>Meach;pH7.0 

• Oeoxynudeolide Triphosphate Set 
(Cat. No. 1277049) 


Procedure 

O Mix 9 volumes of DIG-dUTP with 1 vol- 
ume of the appropriate d coxy nucleotide 
triphosphate solution (to be chosen from 
the "Available reagent* list (above)). 
This DIG-dUTP/dNTP tailing mixture 
wilt be added to the oligonucleotide tail- 
ing reaction in place of the DIG-dUTP 
and dATP. 

© Add reagents to a sterile microfuge tube 
(on ice) in the following order: 

► 

© Incubate the reaction at + )7'C for 

1 5 min. Place on ice. 
O Add 1 pi EDTA to the reaction tube. 

This terminates the labeling reaction. 


What to do next 


For all labeling re- 
actions, it is extremely important that you 
verify labeling efficiency in a direct detec- 
tion assay. Prior to hybridization, proceed 
to the 'Estimating the Yield of DIG- Ub tied 
Nucleic Acids' protocol on page 33. 

For fitter hybridizations, it is usually not 
necessary to clean up the probe prior to hy- 
bridization. However, if you have a desire 
to clean up the probe or if you will be using 
it for in situ hybridization, seepage 39. 


Reagents 

Volume 

Volume (Control 
Reaction) 

Final 
Concentration 

5x Reaction buffer 

4 pi 

4 pi 

tx 

CoCI) solution 

4 pi 

4p] 

5 mM 

DIG-dUTP/dNTP 
tailing mixture 

ipl 

Ipl 

0.5/0.5 mM 

Oligonucleotide 
or 

variable 
(lOOpmol) 


5 pmot/pl 

Unlabeled Control 
Oligonucleotide 


5ul(100pmol) 

5 pmol/pl 

Terminal Transferase 

Ipl 

Ipl 

2.5 uniu/pl 

H,0 

to 20 pi 

5 pi 


Total Volume 

20 pi 

20 pi 
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5'-End Labeling Oligonucleotides 
with Dlgoxigenin-3-O-methylcarbo- 
nyl-e-amlnocaprolcacld-N-hydroxy- 
succinlmlde ester (DIG-NHS ester) 

Standard 5 '-End Labeling Reaction 
With the DIG Oligonucleotide 5 '-End 
Labeling Set (Cat. No. 1480863), oligo- 
nucleotide! can be labeled with digoxigenin 
at the 5'-cnd after synthesis that includes 
the addition of a phosphoramidite. First, 
oligonucleotides are reacted with the phos- 
phoramidite in a final synthesis step accord- 
ing to the solid-phase phosphoramidite 
method, creating a 5'-tcrminal amino func- 
tion. Treatment with ammonia releases the 
oligonucleotide from the support and 
cleaves the protecting groups. In the sub- 
sequent step, digoxigenin is introduced at 
the 5'-cnd. 


Name In procedure 


DIG-NHS eater** 


(N-TrlfluwMcetBmido-(3-oxa)-pentyl-N,N- 
tilisopfopyi-mettiyq -phosphoramidlti 


Digoxigenin- 3 O-metTrylcarbonyl -«*amlr»-caprolc 
edd-N-hydroxysuceinimJda astar 


• Wall, DIG Oligonucleotide 5'-End Labeling Sat 
» Amlnolroker (Cat. No. 1 685 643) 


* The amlnollnkBr reecte violently 
with water, and It fs irritating to 
eyes, reapii atory aystem. and skin. 
" DIG-NHS aster ts very toxic by 
inhalation, in contact with skin, or 
swallowed. Do not breath dust 

Additionally required solutions 

In addition to the DIG Oligonucleotide 
5'-End Labeling Set, you will need the fol- 
lowing solution*. 

| Additionally required solution 

Description 1 

Acetonltrtta 

Anhydrous acetonltolte 

Aqueous ammonia 

25% aqueous ammonium 

mo 

Sterile, redlit water 

Sodium acatata 

3 M sodium acetate. pH 8.5 

Elhanol 

Absolute Bthanol, chiliad at -20'C. 
when 70% ethanol la Indicated, 
dilute ethanol with redistilled water 

Sodium borate 

tOO mM sodium borate: pH 8.S 

ElDtlon buffer A 

100 mM trtethylammortlum acetate; pH 6.8 

Button butler B 

100 mM trlBthytammontum 
Bcetote:ecetonitrite (1:1); pH 6.6 

Introduction of the 5' amino function 
The Aminolinker used corresponds to the 
phosphoramidit.es used in oligonucleotide 
synthesis protocol. 

The bottle with the Aminolinker fits direct- 
ly into the appropriate position of an auto- 
matic DNA synthesizer from Applied 
Biosyitems, Pharmacia, or Eppendorf. 


• VlaJ 2, DIG Oligonucleotide 5'-End Labeling Set 

• 01G-NHS ester (Cat No. 1 333054) 


For use in the synthesizers from Milligen/ 
Biosearch, the bottle content has to be dis- 
solved in the appropriate amount of 
anhydrous acetonitrile (see below) by in- 
jection of the solvent into the sealed bottle 
with a disposable syringe and subsequent 
transfer to the reservoir at the synthesizer. 

O Dissolve 100 mg Aminolinker in anhy- 
drous acetonitrile for the synthesizers 
from Applied Biosystems, Pharmacia, 
Eppendorf in 2.7 ml (100 mM); Milli- 
gen/Bioscarch in 4.3 ml (70 mM). 
Note: The solution of the phosphor- 
amiditt is stable for approx. 2 weeks at 
ambient temperature and exclusion of 
moisture. 

O Sun oligonucleotide synthesis accord- 
ing to standard protocol. Set the syn- 
thesizer on "tritylon*. 

ODeprotect the oligonucleotide accord- 
ing to standard oligonucleotide syn- 
thesis (by treatment with 25% aqueous 
ammonia). 

O Remove ammonia by evaporation or 
lyophilization. 
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Ethanol precipitation of the 
oligonucleotide 

O Dissolve the oligomer (approx. 100 nmo!) 

in a mixture of 300 u) HjO and 30 pi 3 M 

sodium acetate, pH 8.5, and tranjfer 

into a tnicrofuge tube. 
© Add 0.9 ml ice-cold ethanol. Mix well. 
O Incubate at-20*C for 2-3 h. 
O Centrifuge for 15 min at 1 0,000 x g. 

Decant the supernatant. 
0 Wash the pellet with 100 pi of ice-cold 

ethanol, centrifuge for 5 min si 10,000 x g, 

and decant the supernatant. 

Labeling reaction (example of a 20-mer) 
O Dissolve the oligonucleotide pellet (ap- 
prox. 20 A m units, correjponding to 
approx. 100 nmol) in 200 pi todium 
borate. 

Q Dissolve the content of a vial (I mg) of 
the DIG -NHS ester in 600 pi ethanol, 
and add 200 pi of this sotution to the 
oligonucleotide solution. 
Note: The solution of the DIG-NfJS 
ester in ethanol is only stable for a short 
time. Therefore, we recommend that 
you use the ester solution for multiple 
parallel labeling* (e.g., in this case, for 
two additional reactions). 
In general 1 mg (1.5 pmol) of the 
DIG- NHS eitcr is sufficient for labeling 
300 nmol of 5'-aminc-substituted oligo- 
nucleotide. Starting with 20 A iw units of 
oligomer, 1 mg DIG-NHS ester is suf- 
ficient for 

2 labeling reactions of a 15-mer 

3 labeling reactions of a 20-mer 

4 labeling reactions of a 25-mcr 

© Place vials on a shaker platform over- 
night at room temperature. 

Purification of the labeled 
oligonucleotide 

Separation of the labeled oligonucleotide 
from the unlabeled compound may be 
achieved by reversed phase HPLC'. 

O Concentrate the mixture of the labeling 

reaction under vacuum. 
© Dissolve the remainder in 1 ml of H 2 0. 
O Pass this mixture through a 0.45 um 

filter. 


©Apply onto a HPLC column, RP-18/ 
5 pm. 

Gradient: In 30 min from 100% elution 
buffer A to 80% elution buffer B. 
The digoxigcnin-labeled oligonucleotide 
is cluted with a higher retention value 
compared to the unlabeled compound. 
A typical elution profile is shown in 
Figure 5. An average yield of 50% dig- 
oxigenin-labeled oligomers is obtained. 
©Concentrate the appropriate fraction 
under vacuum. Desalt as usual (e.g., gel 
filtration, dialysis in SPECTRAPOR* 
1000). 

• Alternatively, the separation from un- 
labeled oligonucleotides can be achieved 
by standard polyacrylamidc gel electro- 
phoresis. As an additional alternative, 
the labeled oligonucleotide may be puri- 
fied on PR-C-18 cartridges (e.g., Poly- 
Pak RP1 from MWG Biotech, Roth; 
OPC from ABI). 



< Figure 5: Elution profit*. 
Oligonucleotides ware purified 
after labeling with DIG-NHS ester 
by reversed phase HPLC with en 
InerteJI™ column. Columns from 
other manufacturers give similar 
elution profiles, though the distance 
between the peaks can vary. 
A: unlabeled oligonucleotide 
6: DtG-fabeled oligonucleotide 


What to do next 


For all labeling rt~ 
anions, it is extremely important thai you 
verify labeling efficiency in a direct detec- 
tion assay. Prior to hybridization, proceed 
tothe 'Estimating the Yield of DIG-labeltd 
Nucleic Acidt 'protocol on page JJ. 
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RNA labeled with digoxigcnin is particu- 
larly useful for Northern blots. In addition, 
DIG-labcled RNA probes can be used for 
Southern blou, plaque or colony screening, 
and in titu hybridization. Also, because the 
linkage between DIG and UTP is resistant 
10 aJkali, DIG-labelcd RNA can be frag- 
mented by alkaline treatment. When creat- 
ing RNA probes for in situ hybridization, 
a limited reduction in xire of the D1G- 
tabeled RNA probe can be advantageous 
(sec the section entitled "Regulation of 
RNA Probe Length by Alkaline Hydro- 
lysis" on page 32 for details). 

Standard Labeling Reaction 
Products required 

The most convenient approach to making 
RNA probes is to use the DIG RNA 
Labeling Kit (SP6/T7) {Cat. No. 1 175025) 
because it contains most of the compo- 
nents needed to make RNA probes. The 
kit also contains a number of control RNAs 
and DNAs, which can be used in hybridi- 
zations, direct detections, or to check the 
efficiency of the labeling reaction (see 
page 33). Some of the kit components are 
also available as separate products, but the 
buffers and some of the controls are not. 


| Name in procedure 

Description 

Available as 1 

HTP labeling mixture (10x) 

10 mM ATP, 10 mM CTP, 10 mM GTP. 6.5 mM UTP. 
3.5 mM 0IG-UTP; In Trij-HC), pH 7.5 {+20* C) 

• Via) 7. DIG RNA Labeling Kli (SP6/T7) 

• DIG RNA Ubellng Mix {Cat. No. 1 277073) 

id Transcription buffer 

400 mM TrU-HCI, pH fl.D; 60 mM MgCl,. 100 mM 
dlthioerythrliol (DTE), 20 mM spermidine, 
100 mM NaCI, i unli/ml Miase Inhibitor 

• Viet 6. 0IG RNA labeling Kit (SP6/I7)- 

DKim 1, RXMt-frM 

lOunlts/yl DNa» 1. RNaae-tree 

• Vial 9, DIG RNA Labeling Kit (SP8/T7) 

• DNase L RNau-free (Cat Ha. 776 785) 

ANim Inhibitor 

20unrti/ptfiNaae Inhibitor 

• Vial 10, 016 RNA Labeling Kit (SP6/T7) 

• RNaie Inhibitor (Cat. Nos. 799 017. 799025) 

One of the Following 
SP6 RNA Polymerise 

T7 RNA Polymerase 

T3 RNA Polymerase 

20 uniis/pl SP6 RNA Polymerase 
20 unlU/ul T7 RNA Polymerase 
20 unltVpl 73 RNA Polymerase 

• Vial 11, DIG RNA Labeling Kit (SP6/T7) 

• SP6RNA Polymerase (Cel. Noi. 810274, 1 487671) 

• Vial 12. DIG RNA Labeling Ktt(SP6/T7) 

• T7 RNA Polymerase (Cat. Nos. 881 767. 8S1 775) 

• T3 RNA Polymerne (Cat. Noi. 1 03 11 63. 1 031 171) 

0ns of Iht following 

(for control reactioni only); 
Control 0NA1,pSPT-18Neo 

Of 

0.25 mo/ml pSPT-18 Neo 0NA. cleaved with Pw 1) 

• Vial 3. OlC RNA Labeling KII (SP6/T7) 

Control OKA 2. pSPT-ISNeo 

0.25 mg/ml pSPM9 Neo DMA. cleaved with /Vull 

• Vial 4. DIG RNA Labeling Kit (SP6/T7) 
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Labeling RNA with the DIG RNA 
Labeling Kit 

The DIG RNA Labeling Kit generates 
DIG-labcled, single-stranded RNA probes 
of defined length by transcription. RNA 
probes arc labeled with digoxigenin, using 
SP6, T7, or T3 RNA Polymerases. DNA 
is subcloncd into a multiple cloning site 
adjacent to the RNA polymerase promoter 
site in the pSPTlg or pSPTl 9 transcription 
vectors provided in the kit. A restriction 
enzyme (not provided in the kit) lineariies 
the DNA template, allowing the creation 
of "run off" transcripts to uniform length. 
One Digoxigenin- It -UTP residue is in- 
corparated every 20-25 nucleotides. 

A large amount of DIG-labcled RNA can 
be generated by this method because the 
nucleotide concentration docs not become 
limiting in the standard transcription assay. 
Under standard conditions, approximately 
2-10 ug of full-length DIG-Iabeled RNA 
is transcribed from 1 ug of template DNA. 

The RNA prober produced with this 
method are desirable because they: 

► have a defined unit length 

► exhibit single-strand target specificity 

► do not re-anneal like double-stranded 
DNA probes. 


Chapter 4 • RNA Labeling 


Additionally required solutions 

In addition to the DIG RNA Labeling Kit 
and your purified DN A template, you wil) 
need the following solutions. 


1 Additionally required solution 

Description 1 

DMPC-treattd H,0 

Stem*, dlsiiltad water treated with 0.1% dlmetnylpyrocarbonata 


(sae page 04) 

EDTA 

200 mH EDTA, pH 6.0 

Procedure 



Before beginning the transcription reac- 
tion, the DNA template must be linearized 
at a restriction enzyme site downstream of 
the cloned insert. To avoid transcription 
of undesirable sequences, use a restriction 
enzyme that leaves 5' overhangs or blunt 
ends. After the restriction digest, purify 
the DNA by phenol/chloroform extrac- 
tion, followed by ethanol precipitation. 
Alrerna lively, we have found Eluiip™-r 
columns (Schleicher fid Schuell; Cat. No. 
NA 020/2) to be an easy and effective 
method of purifying DNA template with- 
out contaminating the sample with RNase. 

OAdd reagents to a sterile, RNise-fr« 
microfuge tube {on ice) in the following 
order ▼ 


© Mix gently and centrifuge briefly. Incu- 
bate for at least 2 hours at + 37" C. 

O If desired, add 2 pi DNase I, RNasc-frec 
(vial 9 or Cat. No. 776785), and incubate 
for 15 minutes at + 37'C to remove the 
DNA template. 

Because the amount of DIG-labcled 
RNA transcript greatly exceeds the 
amount of DNA template, removal of 
the DNA template is usually unneces- 
wry. 

O With or without prior DNase treatment, 
add 2 pi EDTA solution to the reaction 
tube. This terminates the transcription 
reaction. 


Reagents 

Volume 

Volume (Control 
Reaction) 

Fin.) 
Concentration 

Purified DNA template variable (t pg) 
or 


0.05pg/pl 

Control DNA 1 or 2 


4 pi 

0.05pg/pl 

NTP labeling mixture (10 x) 

2 pi 

2 pi 

Ix 

10 x Transcription buffer* 

2 pi 

2pl 

Ix 

DMPC-treated HjO 

to 18 pi 

10 pi 


RNA Polymerase 
(SP6,T7, orT3) 

2 pi 

2 pi 

2 units/pl 

Total Volume 

20 pi 

20 pi 



'Optional: Add an additional 1 ul of 
RNaaa Inhibitor {vlil 10). 


The reaction may be scaled up to increase 
the yield of RNA. This is achieved by 
keeping the amount of template DNA 
constant while increasing the amount of 
the other components in the labeling 
reaction. For example, in a 5 x scaled-up 
reaction with I pg of linear control 
DNA I (pSPTl8-Nco DNA) as tem- 
plate, more than 40 pg of RNA can be 
synthesired after a two-hour incubation 
at + 37«C. 


The amount of newly synthesized DIG- 
labeled RNA depends on the amount, size 
(sue of linearization), and purity of the 
template DNA. When 1 pg of template 
DNA that has been linearized to give run 
off transcripts of 760 bases is labeled in the 
standard reaction, approximately 37% of 
the nucleotides arc incorporated into about 
lOpgof transcribed DIG-labeled RNA. 
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The RNA transcripts can be analyzed for 
size by agarose gel electrophoresis (e.g., 
formaldehyde gels) and cthidium bromide 
staining. Labeling efficiency can be most 
accurately checked by direct detection of 
the labeled RNA probe with Anti-Digoxi- 
genin-alkaline phosphatase. 


Whet to do neit 


For all labeling re- 
actions, it is extremely important that you 
verify labeling efficiency in a direct detec- 
tion assay. Prior to hybridization, proceed 
to the "Estimating the Yield of DIG-Ubeled 
Nucleic Acids' protocol on page 33. 

For filter hybridizations, it is usually not 
necessary to dean up the probe prior to hy- 
bridization. However, if you have a desire 
to clean up the probe or if you will be using 
it for in situ hybridization, see page 39. 


Regulation ol RNA Probe Length 
by Alkaline Hydrolysis 

Some applications require shorter RNA 
probes than other techniques. When per- 
forming in situ hybridizations, for example, 
probes must be short enough to allow dif- 
fusion into and out of the tissue. Alkaline 
hydrolysis allows you to regulate the size 
of RNA probes. 

Additionally required solutions 


Procedure 

The following procedure is a modification 
of the protocol regulating the size of RNA 
probes by alkaline hydrolysis described 
by Cox, et al. (1984, Develop. BioL 101, 
485-502). This protocol was adapted for 
use with DIG-UTP-labeled RNA probes. 
O Hydrolyze 1 pg RNA by adding an 
equal volume of DMPC-treated HjO 
and two volumes of carbonate buffer. 
Incubate for 10-60 min at +60*0 
The optimal incubation time must be de- 
termined empirically. We have found that 
hydrolysis starts as early as 30 s after the 
addition of the carbonate buffer. 
©Add an equal volume of hydrolysis- 
neutralization buffer to stop the hydro- 
lysis. 

© Add 3 volumes of chilled ethanol to pre- 
cipitate the RNA, Mix well and incu- 
bate at -70"Cfor30 min. 

O Centrifuge at 13,000 x g for 15 min at 
+4*C in a microcentrifuge. 

O Decant the ethanol, and wash the pellet 
with 100 pi of cold 70% ethanol. Centri- 
fuge at 13,000 x g for 5 min at +4*C in 
the microcentrifuge, then remove the 
70% ethanol. 

©Dry the pellet and resuspend in 100 pi 
DMPC-treated HjO. If not used imme- 
diately, store the probe at-70*C. 

© Check the resulting probe length by 
electrophoresis of 10 pi hydrolyzcd 
RNA on a 1 % ethidium bromide-stained 
agarose gel. 


1 Additionally required solution 

Description 1 

DMPC-treated HjO 

Sterile, distilled water treated with 0.1% dimemyfpyrocerbonate 
(see page 64) 

Carbonate buffer 

60 mM Na,C0i; 40 mM NaMCO* pH 10.2 

Hydrolyili-nvirtralJzalioft buffer 

200 mM sodium acetate; IS (v/v) acetic acid; pfi 6.0 

Ethanol 

Absolute ethanol, chilled at -20' C; when 70% ethanol Is Indicated, 
dilute the ethanol with OMPC-treated water. 
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Chapter 5 • Estimating the Yield 
of DIG-Labeled Nucleic Acids 


An accurarc quantification of DIG-labeled 
DNA obtained in the labeling reaction is 
most important for optimal and reproduc- 
ible results in various membrane hybridi- 
zation techniques. Too high of a probe 
concentration in the hybridisation mix 
usually causes background, while too low 
of a concentration leads to weak signals. 

There arc two ways to estimate the yield 
of DIG-labcling. The first option is a 
30 inin procedure in which dilutions of 
the labeling reaction are spotted on DIG 
Quantification Teststrips. After detection 
the intensities are compared to a simulta- 
neous detected DIG Control Tests trip, that 
has defined amounts of DIG-labcled DNA 
already spotted on it. 

In the second procedure dilution series of 
the labeling reaction and dilutions of an 
appropriate standard are both spotted on 
nylon membranes. The membrane is then 
processed in a short detection procedure. 


Estimating the yield with 
DIG Quantification and 
DIG Control Teststrips 

Quantification using teststrips consists of 
two basic steps. First, a series of dilutions 
of DIG-labcled DNA is applied to the 
squares on the DIG Quantification Test- 
strips. DIG Control Teststrips are already 
loaded with 5 defined dilutions of a control 
DNA and are used as standards. 

The teststrips arc then subjected to immu- 
nological detection with Anti-Dtgoxige- 
nin-AP and the color substrates NBT/ 
BCIP. After approx. 30 min the test pro- 
cedure is completed and the DIG-labeling 
efficiency can be determined by comparing 
the signal intensities of the spots on the 
quantification teiistnp with the control 
teststrip. 

Products required 


fJame in procedure 


DIG Quantification 
Tt its trips 


Teatotrlps of 0.6 i 8 cm. coaled with positively charged nylon 
membrane, unloaded 


• DIG Ouantillcatlon Teetitrlpi 
(Cat No. 1668958) 


DIG Control Testatrtp. Testes of 0.6 * 8 cm wated with positively charged nylon • DIG Control Teststrips (Cat No. 1 669966] 


membrane, loaded with OIG labeled contra) DNA in the quantities 
300,10, 30. 10and3pg 


DNA Dilution batter 1 0 mM Trls-HCI. pH 8.0 (20'C), 50 ug/ml DNA from herring sperm 


RNA Oilullon butter DMPC-treelod H,0. 20 x SSC and formaldehyde, mixed in 
a volume ratio of 5 + 3 ♦ 2 


• Vial 3, DIG DNA Labeling Kit 

• VlaJ 3. OIG DNA Labeling end Detection KJI 

• Vial 2. DIG Nucleic Acid Detection Kit 

• Vial S, DIG Oligonucleotide 3'-End Libeling Kit 
♦Vial 10. DIG Oligonucleotide Tailing Kit 


Blocking Reagent Blocking reagent (or nucleic acid hybridization; white powder 


• VlaJ 1 1 , OIG DNA Labeling and Detection Kit 

• Vial 6, DIG Nucleic Acid Detection Kit 

• Blocking Reagent (Cat. No. 1 096 1 76) 


AnU-Dlooilgenln-AP Anti-dlgoxlgenin |FabJ conjugated to alkaline phosphatase 


75 mg/mi nitroblue tetraiollum salt In dlmethylformamrda 


• Vial 6. DIO ONA Labeling and Detection Kit 

• Vial 3. OIG Nucleic Acid Detection Kit 

• Antl-Dlpoxfgenln-AP, Fab fragments 
(Cat. No. 1093274) 


50 mg/mi S-bromo-4-chloro-3-inaolyl phosphate (BCtPJ, 
totuldinium salt in dlmethyllormamtde 


• Vial 9, OIG DNA Labeling and Detection Kit 

• Vial 4. DIG Nucleic Acid Detection Kli 

• NBT (Cat. No. 1383213 
(dilute from lOOrag/mlJ) 


• Vial 10. DIG DNA Labeling and Detection Kit 

• Vial 5, DIG Nucleic Acid Detection KM 

• BCIP (Cat. No. 1383 221) 
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Additionally required solution! 

Except TE buffer, all of the following re- 
quired solution! are available in a ready* 
to-use form in the DIG Wash and Block 
Buffer Set (Cat. No 1585762). Bottle num- 
ber! for this set are indicated in paren- 
theses. Alternatively they can be prepared 
from separate reagents according to pro- 
cedures described in Appendix B. 


1 Additionally required solutions 

Description 1 

Washing buffer (Bonis t; 
diluta 1:10 with H,0) 

100 mM maleic odd. 150 mM NaCl; 
pH 7.5 (+20* Q; 0.3% <v*) Twaen« 20 

Milclc add bull if (Bottle 2; 
diluta 1:10 with H,0) 

1 00 mM maleic acid, 1 50 mM NaCl; 
pH 7.5 (+20'C) 

Blocking solution [Bottle 3; 
dilute 1:10 with 1 i 
maleic acid buffer) 

1* (w/v) Blocking, reagent lot nucleic acid 
hybridization, dissotved In Maleic acid butter. 
- Blocking solution Is cloudy end should not be 
filtered, n is stable for at least two weeks when 
itof ed at WC. but must then be brought to room 
temperature before use 

Detection buffer (Bottle 4; 
dilute 1:10 with H,0) 

lOOmMTrls-HCl, lOOmM NaCl; 
pH 9.5 (+20* C) 

TE buffer 

10 mM Trls-HCl. 0.1 mM EDTA; 
pH B.0(+20*C) 

Procedure 

Preparation of a dilution teries 


O Dilute your labeling reaction to an ap- 
proximate concentration of 1 pg/ml. 
The approximate concentration of your 
DIG-labcled DNA can be estimated 
according to the standard yields of the 
respective labeling kit or reagent used, 
that arc given in the pack insert. (Ex- 
ample: A DIG-High Prime reaction 
yields approx. 40 pg/ml of DIG-labeled 
DNA after 1 h incubation, starting from 
1 pg template. Dilute 1 pi of your label- 
ing reaction with 39 pi DNA dilution 
buffer to obtain a final concentration of 
1 Pg/ml) 

© Dilute the 1 pg/ml prediction from step 
1 according to the following scheme: T 


Dilution steps 

Dilution in DNA 

Final 

Name of 


dilution buffer 

Concentration 

dilution 

1. 1:3.3 

10 pi + 2) pi buffer 

300 pg/pl 

A 

2. 1:10 

5 pi + 45 pi buffer 

100 pg/pl 

B 

3. A diluted 1:10 

5 pi A + 45 pi buffer 

30 pg/pl 

C 

4.6 diluted 1:10 

5 pi B + 45 pi buffer 

lOpg/pl 

D 

5.C diluted 1:10 

5 pi C + 45 pi buffer 

3 pg/pl 

E 


O Apply a 1 pi spot of dilutions A-E onto 
the marked squares of a DIG Quantifi- 
cation Teststrip. 

If you want to mark the teststrip use the 
polyester carrier area. Avoid writing on 
the membrane itself. Touch only with 
glove*. 

O Atrdry for approx. 2 min. 

Preparation for the detection procedure 

The small format of the teststrips allows 
that only very low volume of test solutions 
must be used. 

O Prepare an antibody solution by dilut- 
ing 1 pi of Anti-Digoxigenm-alkaline 
phosphatase in 2 ml blocking solution. 

O Prepare color-substrate by adding 9 pi 
NBT solution and 7 pi BCIP solution to 
2 ml of detection buffer 

O For each de lection seriej prepares micro- 
cuvettcs or 2.5 ml reaction vials and 
label them from 1 to 5. 
To vial I: add 2 ml of blocking solu- 
tion 

To vtal 2: add 2 ml of antibody solu- 
tion (prepared under 5.) 
To vial 3: add 2 ml of washing buffer 
To vial 4: add 2 ml of detection buffer 
To vial 5: add 2 ml of color-substrate 
solution (prepared under 6.) 

Detection 

Note: Thii short detection protocol is ex- 
clttsivefy suited for the quantification of 
DI G-labeled nucleic acids. It cannot replace 
the standard detection protocol given in this 
manual or in the pack inserts of the DIG 
detection kits or substrates. The limits of 
detection using the short protocol are a fac- 
tor 10-20 below the sensitivity achieved 
with the standard detection protocols. 

© Dtp the prepared teststrips (one Quanti- 
fication Teststrip and one Control Test- 
strip should be developed back to back 
in one vial) in the prepared solution in 
the following sequence and for the given 
incubation times. Between steps, let ex- 
cessive fluid drip onto a paper tissue. 

vial 1 blocking 2 min 

vial 2 antibody binding 3 min 

vial 1 blocking I min 

vial 3 washing 1 min 

vial 4 equilibration 1 min 

via] 5 color reaction 5-30 min 
(in the dark) 
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O Stop (he color reaction after a maximum 
of 30 min by briefly rinsing the tesutrips 
in water. Air dry on Whatman 3 MM 
paper, protected from light. Extended 
color reaction time Icadj to incrcaied 
background. 

Evaluation of results 

The first spots should be visible after 5-10 
min of the color reaction; the 30 pg spot 
should be visible by then. After 30 min in- 
cubation the 3 pg spot should be visible on 
both the Quantification and the Control 
Tesutrip. 

You can now determine the quantity of 
DIG labeled DNA or RNA in the squares 
of the Quantification Teststrip by compar- 
ing the color intensity with the Control 
Teststrip. CaJculate the quantiry of DIG- 
labcied DNA in your labeling reaction by 
taking the dilution steps into account. 


DIG-Labeled Control Description 


Estimating the yield in a spot test 
with a DIG-labeled control 

The estimation of yield can also be per- 
formed in a side by side comparison of the 
DIG-labeled sample nucleic acid with a 
DIG-labeled control, that is provided in 
the labeling kits. Dilution series of both 
arc prepared and spotted on a piece of 
membrane. Subsequently, the membrane is 
colorimetrically detected. Direct compari- 
son of the intensities of sample and control 
allows the estimation of labeling yield. 

Products required 

DIG-labeled controls for estimating the 
yield of DNA, RNA and end-labeled oligo- 
nucleotides arc available as separate re- 
agents or in the respective labeling kits. The 
DIG-dUTP/dATP-tailcd Oligonucleotide 
Control is only available in the DIG Oligo- 
nucleotide Tailing Kit. 


Labeled Control DNA Dtooxigenin-labeled pBR328 DNA thai hea »een random primed 
labeled according to the standard labeling procedure; the total 
ONA concentration In the vial Is 25 ugAnl, but only 5 ua/mJ of It 
hj DIG-labeled ONA 


S?r tr ^!2S 80nuc,,oUde ' 2,5 pmoVt " o'lflonucleotlde. labeled with DlgoxlQenln- 1 1 -ddUTP 
DlB-ddUTP-labeled according to the ttandard labeling procedure 


• Vial 4, DIG DNA Labeling and Detection Kit 

• Wat 4, DIG DNA Labeling Kit 

• Vial 1. DIG Nucleic Acid Detection Kit 

« QIC-labeled control DNA {Cat, No. 1 565738) 


• Vial 6, DIG Oligonucleotide 3 '-End Labeling Kil 

• DIG-3'-End labeled control oligonucleotide 
(Cat. Wo. 1 585754) 


mr"^!nS l ^5!™* , M l l?•• " oW « flB «'«'>W». wKh OigcxIgenm-n-dUTP . m 6 . DIG Olloonudeotidi Talllno Kit 

OIG-dUTP/dATP tailed and dATP according to the steward labeling procedure ""Bonuaeoiioi railing Kit 


Labeled Control RNA Dfgoxlgenln-iabeled "aniieense--Neo RNA, trenicribed with 
77RNA polymerase from t jig template DNA, according to 
the standard labeling procedure. The solution contains approx. 
100 tip/mi DIG-labeled RNA and 10 yoVml unlabeled ONA template 


• Vial 5, DIG ANA Labeling Kil 

• DIG-labeled control RNA (Cat. No. 1 5B5746) 


In addition to the DIG-labcled control 
you will need the Reagents and the 
Additionally required reagents, listed 
above under "Estimating the yield with 
DIG Quantification and DIG Control 
Tests trips". 
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Procedure 

O Mike a prediction of the DIG-labc!ed 
Control DNA by mixing 5 pi DIG- 
labcled Control DNA with 20 pi 
DNA dilution buffer (final concentra- 
tion 1 ng/pl). 
or 

Make a prediction of the DIG-lab«!ed 
Control DNA by mixing 5 pi DIG- 
labelcd Control RNA with 20 ul 
DMPC-trcated H,0 (final concentra- 
tion 20 ng/pl). 

For the DIG-3*-end labeled or tailed 
control oligonucleotide a prediction is 
not required. 
© Make serial dilutions of the (predilmed) 
controls, according to the appropriate 
dilution scheme. Mil thoroughly be- 
tween dilution steps. 


Dilution Scheme A (for DNA probes) ▼ 


DIG-labeled Control DNA 
Starting Concentration 

Stepwise 
Dilution 

Final Concentration 
(dilution name) 

Total 
Dilution 

1 ng/pl 

5 pl/45 ul DNA dilution buffer 

lOOpg/pKA) 

1:10 

lOOpg/pl (dilution A) 

5 pl/45 pi DNA dilution buffer 

I0pg/pl(B) 

1:100 

10 pg/pl (dilution B) 

5 pl/45 pi DNAdiluiion buffer 

ipg/pi(Q 

1:1,000 

1 pg/ul (dilution C) 

5 pl/45 pi DNAdiluiion buffer 

0.1 pg/ul (D) 

1:10,000 

0.1 pg/pl (dilution D) 

5 pl/45 pi DNA dilution buffer 

0.01 pg/pl (E) 

1:100,000 


Dilutions A-£ can be stoud at -20* C for at loasl 1 year. 
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Dilution Scheme B (for Oligonucleotide probes) T 


DIG- tailed- or end-labeled Control 
OHgo Starting Concentration 

Stepwise 
Dilution 

Final Concentration 
(dilution name) 

Total 
Dilution 

2.5 pmol/pj 

2 ul/98 ul DNA dilution buffer 

SOfmol/pl (A) 

1:50 

50 fmol/ul (dilution A) 

10 p)/40 ul DNA dilu[ion buffer 

10 fmol/ul (B) 

1:250 

10 fmol/ul (dilution B) 

10 ul/40 uJ DNA dilution buffer 

2 fmol/ul (C) 

1:1,250 

2fmol/pJ (dilution C) 

10 pl/40 ul DNA dilution buffer 

0.4 fmol/ul (D) 

1:6,250 

0.4 fmol/ul (dilution D) 

10 ul/40 pi DNA dilution buffer 

0.08 fmol/ul (E) 

1:31,250 

Oltutiona A-E can be stored at -20' C for et least 1 

fear. 



OJG-Jabeled Control ~ ~i 



Dilution Scheme C (for UNA probes) T 


DIG-fabeled Control RNA 
Starting Concentration 

Stepwise 
Dilution 

Final Concentration 
(dilution name) 

Total 

Dilution 

20 ng/ul 

2 ul/38 ul H 2 0 

tng/pl(A) 

1:20 

I ng/ut (dilution A) 

5 ul/45 ul H : 0 

100pg/pl(B) 

1:200 

100 pg/ul (dilution B) 

SplASulHjO 

10pg/pl(C) 

1:2,000 

10 pg/ul (dilution C) 

5 pl/45 p| HjO 

Ipg/pl(D) 

1:20,000 

1 pg/ul (dilution D) 

5 ul/45 pi H,0 

0.1 pg/ul (E) 

1:200,000 

0.1 pg/ul (dilution E) 

5pl/45plH 3 0 

0.01 pg/pl (?) 

1:2,000,000 


Highly diluted solutions of RNA In H,0 are not very 
ilable. Spots have to be made Immediately after 
preparing the dilution*. Alternatively the RNA can 
be diluted in RNA dilution buffer (DMPC-ueated 
H,0. 20 * SSC end formaldehyde, mbed tn a 
volume ratio of 5 + 3 + 2} lor greater liability. 

Predlluted OIG-labeled 



37 


Chapter } • Estimating the Yield of DIG- Labeled Nucleic A cidt 


O Use the tables on page 17 or 18 to esti- 
mate the expected yield of DNA label- 
ing reactions. Prcdilute an aliquot of the 
newly labeled experimental DNA probe 
to an expected final concentration of ap- 
pro*. 1 ng/ul. 
or 

Prcdilute an aliquot of the newly labeled 
experimental oligonucleotide probe to 
a final concentration of 2.S pinol/pl. 
or 

Prcdilute an aliquot of the newly syn- 
thesized experimental RNA probe to an 
expected final concentration of approx. 
20 ng/ul. In a standard RNA labeling re- 
action approx. 10 ug newly synthesized 
DIG-RNA probe is transcribed from 
I pg DNA template 
O Make serial dilutions of the prediluted 
experimental probe, according to the 
appropriate dilution scheme: 

- for DNA probes, use dilution scheme 
A, 

- for oligonucleotide probes, use dilu- 
tion scheme B, 

- for RNA probes, use dilution scheme 
C 

© Spot 1 ul of the diluted controls on a 
piece of nylon membrane: 

- for DNA probes, spot dilutions B-E, 

- for oligonucleotide probes, spot dilu- 
tion A- E, 

- for RNA probes, spot dilutions C-F. 
Oln> second row, spot 1 pi of the corre- 
sponding dilutions of the experimental 
probe. 

O Fix the nucleic acids to the membrane by 
cross-linking with UV-light or by bak- 
ing for 30 min at +120" C (Boehringer 
Mannheim Nylon Membrane). 


©Wash the membrane briefly in washing 
buffer. 

O Incubate the membrane in blocking 
solution for 30 min at room temperature. 

©Dilute Anti-DIG-alkaline phosphatase 
1:5,000 in blocking solution. 

© Incubate the membrane in the diluted 
antibody solution for 30 min at room 
temperature. The diluted antibody solu- 
tion must cover the entire membrane. 

©Wash the membrane twice, 15 min per 
wash, in washing buffer at room tem- 
perature. 

© Incubate the membrane in detection 

buffer for 2 min. 
<D Mix 45 pi NBT solution and 35 pi BC1P 

solution in 10 ml of detection buffer. 

This color substrate solution must be 

prepared freshly. 

Note: Alternatively, chemiluminescent 
detection can be performed, as described 
in the "Detection" section on page 
iS-60. 

©Pour off the detection buffer and add 
the color substrate solution. Allow the 
color development to occur in the dark. 
The color precipitate starts to form 
within a few minutes and continues for 
approx. 16 h. 

Do not shake while the color is develop- 
_ in 8- 

ffl When the spots appear in sufficient 
intensity, stop the reaction by washing 
the membrane with TE buffer or sterile 
HjO for 5 min. 

© Compare spot intensities of the control 
and experimental dilutions to estimate 
the concentration of the experimental 
probe (Sec Figure 6). 


Figure fl: Estimating thi Yield of 
DIG- libeled DNA. Dilutions of the 
Labeled Control DNA and trie newly 
labeled (experimental) DNA were 
spotted on. fUed io, and directly 
detected on i Boehrlnoer Mannheim 
Nylon Membrane, writ) coiorimetrlc 
(Panel A) ot chemlfumineacent 
detection (Panel B). 


10 3 1 0.3 0.1 0.03 0.01 0 po 


• 


Control 
Experimental 


100 10 1 0,1 0.01 0 pg 

# % • Control 


• • • 



.. . What to do next 

At this time, proceed 


to the 'Hybridization * section of this User's 
Guide, which begins on page 42. 
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For filter hybridizations, it is usually not 
necessary to clean up probe prior 10 hy- 
bridization. However, if you have a desire 
to clean up the probe or if you will be 
tiling it for in situ hybridization, we can 
recommend the following purification 
procedures; 

► cthanol precipitation 

► purification with the High Pure PCR 
Product Purification Kit. 

Purification of the DIG-tabcIed DNA 
with the High Pure PCR Product Purifica- 
tion Kit is especially useful when the tem- 
plate DNA was isolated from agarose gels. 
Remaining agarose particles, that can be 
a source for background, are efficiently 
removed with this procedure. 


Ethanol Precipitation 

Products required 


Name in procedure 


Glycogen solution 20 mo/mi pJyco$en In redistilled water • Glycogen {Cat No. 901 383) 

Additionally required solutions 


1 Additionally required solution 

Description 1 

LiCI 

A M lithium chloride solution; do not uts ammonium acetate or 
sodium acetate 

Ethanol 

Absolute ethanol, chilled at -20* C; when 70% ethanol is Indicated, 
dilute ethanol with redistilled water. 

TE-bu«er 

10 (TlM Tfll-HCI, 1 mM EOTA; pH 7,0-8.0 

Procedure 



O Optionally: add I ui Glycogen solution 
to the reaction tube and mix thoroughly. 
Note: We recommend the addition of 
glycogen for the precipitation of oligo- 
nucleotides after labeling with terminal 
transferase (DIG Oligonucleotide 3'- 
End Labeling Kit or DIG Oligonucleo- 
tide 3 '- Tailing Kit). In general the addi- 
tion of glycogen at carrier for precipita- 
tion is onty necessary when low amounts 
of nucleic acids are to be precipitated. 

© Precipitate the labeled nucleic acid with 
0.1 volume of i M LiCI and 2.5-3.0 vol- 
umes of chilled cthanol. Mix well and 
incubate at -70* C for 30 min, or at 
-20* C overnight.™ 

© Centrifuge the reaction at 13,000 x g for 
IS min in a microcentrifuge. 


O Decant the ethanol and wash the pellet 
with 1 00 ul of icecold 70% cthanol. 

© Centrifuge at 13,000 x g for 5 min in a mi- 
crocentrifuge, then remove the cthanol. 

© Dry the pellet and resuspend in 50 pi of 
TE buffer. If not used immediately, 
store the labeled probe at-20*C (-70* C 
for RNA-probes). 


What to do next 


for all labeling re- 
actions, it is extremely important that you 
verify labeling efficiency in a direct detec- 
tion assay. Prior to hybridization, proceed 
to the 'Estimating the Yield of DIG- labeled 
Nucleic Acids " protocol on page 33. 
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Purification with the High Pure PCR 
Product Purification Kit 

The High Pure PCR Product Purification 
Kit is designed for the efficient and conven- 
ient isolation of PCR products from am- 
plification reactions, but is also suited for 
the removal of unincorporated nucleotides 
from DIG DNA labeling reactions. The 
DNA binds specifically to the surface of 
glass fibres in the presence of chaotrope 
salts. Primers, unincorporated nucleotides, 
contaminating agarose particles and pro- 
teins arc removed by a simple washing 
step. The bound DlG-labcled DNA is sub- 
sequently eluted in a low-salt buffer. 

Note: A minimum length of approx. 100 bp 
is required for efficient binding. The kit 
can therefore not be used for the removal 
of unincorporated nucleotides from oligo- 
nucleotide labeling reactions. 


Products required 



High Port PCH Product Kit tor 50 purifications 

Purification Kit Kit lor 250 pur ifications 

consisting off: 

• Binding buffer, 
green cap 

• Wish buffer, 
blot cap 

• Elution buffer 

• High Pun filter tubas 


• Collection tubes 


Procedure 

Note: Make sure that 4 volumes ethanol 
have been added to the wash buffer (vial 2, 
blue cap). The binding buffer (vial 1, 
green cap) contains guanidine-tbiocyanate 
which is an irritant. Wear gloves and fol- 
low laboratory safety conditions during 
handling. 

O Fill up the labeling reaction to 100 pi 

with redistilled water. 
© Add 500 ul binding buffer (vial 1, green 

cap) and mix well. 

Note: It is important that the volume 
ratio between sample and binding buff- 
er is 1:5. When using other sample 
volumes than 100 ftl, adjust the volume 
of binding buffer accordingly. 


© Insert a High Pure filter in a collection 
tube and pipette the sample inio the up- 
per buffer reservoir. 

O Centrifuge at 13.000 x g in a microcen- 
trifuge for 30 sec 

© Discard the flow through and combine 
the filter tube again with the same col- 
lection tube. 

© Add 500 pi wash buffer (vial 2, blue cap) 
to the upper reservoir and centrifuge as 
in step 4. 

© Discard the wash buffer flow through 

and recombine the filter tube again with 

the same collection tube. 
© Add 200 pi wash buffer (vial 2, blue cap) 

to the upper reservoir and centrifuge as 

in step 4. 

© Discard the collection tube and insert 
the filter tube in a clean 1.5 ml reaction 
tube (not provided). 

® Add 50-100 pi elution buffer (vial 3) or 
redist. water (pH 8.0-8.5) to the upper 
reservoir for the elution of the DNA. 
Centrifuge as in step 4. 


Available as 


Cat. No. 1732668 
Cat. No. 1732676 

• Via) 1 

• Vial 2 


•Vial 3 


Note: The elution efficiency is increased 
with higher volume of elution buffer 
applied. At least 68% and 79% recovery 
are found with SO and 100 p! elution 
buffer, respectively. Normally, almott 
quantitative recovery can be found, as 
can be determined in a direct detection 
assay. 


What to do next 

*■ For all labeling re- 

actions, it is extremely important that you 
verify labeling efficiency in a direct detec- 
tion assay. Prior to hybridization, proceed 
to the "Estimating the Yield of DIG-Ubeled 
Nucleic Acids' protocol on page JJ. 


nucleic aclda binding buffer; 3 M ouankJIne-mlocyanate, 
10 mM Trls-HCI, 5% (v/V) ethanol. pH 6.6 (25* R 
wash buffer; add 4 volumes of ibsoJute ttnirtol 
before utal Rnal concentrations; 20 mM NaCI, 
2 mM Trts-HCI. pH 7.5 (25* q, 60% ethanol 
elution buffer; 10 mM Tria-HCI, 1 mM EDTA, 
pH 8.5 (25'C) 

Polypropylene tubes, containing two layers of a 
specially pre-trealed glass fibre fleece; maximum 
sample volume: 700 uf 
2 ml polypropylene tubes 
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Please review this section of general hy- 
bridization considerations before proceed* 
ing with the DIG-jyitem. Severa) points 
arc critical for successful use of the DIG- 
system, especially when performing chemi- 
luminescent detection. For general infor- 
mation on nucleic acid hybridization, tec 

► Sambrook, J., Frltich, E. M. and Maniai- 
tis, T. (1989) Molecular Cloning: A Labo- 
ratory Manual, 2nd edition, Cold Spring 
Harbor Laborarory, Cold Spring Har- 
bor, New York, 

Membrane Selection 

For best results, use Boehringer Mann- 
heim's ,-Nylon Membranes, positively 
charged (Cat. Nos. 1209 299, 1209 272, 
1 417240) for the transfer. This membrane 
has an optimal charge density, allowing it 
to bind the nucleic acid tightly without 
producing background. The nylon mem- 
branes are also specifically tested with the 
DIG-jystcm to ensure optimal signal-to- 
noise ratios. 

Other, uncharged membranes can also be 
used with the DIG-system. Their binding 
capacity is lower and therefore a lower 
maximum sensitivity can be achieved. In 
general, lower background can be expected 
when using uncharged nylon membranes. • 
They are, however, not tested in combina- 
tion with the DIG-System. 

Nitrocellulose membranes cannot be rec- 
ommended in combination with the DIG- 
System. They can only be used when 
colorimetric detection will be performed 
and no stripping and reprobing is planned. 

Probe Concentration 

In the following chapters we give recom- 
mendations for probe concentrations in 


the different applications. These recom- 
mendation refer to newly sythesized, 
DIG-labeled probe. In the package inserts 
of the respective labeling kits and in the 
.Label ing "-section of this guide, an ex- 
pected yield for labeling under standard 
conditions is given. This must however 
be confirmed by estimating the yield of a 
labeling reaction, as is described in Chap- 
ter 5, page 33. 

The recommended probe concentration 
must be regarded as a starting point for 
your hybridiration. For the most accurate 
determination of optimal probe concen- 
tration wc recommend to perform a mock 
hybridization (described below). 

Note; If chemiluminescent detection is 
performed, a too high probe concentration 
will often lead to background. Therefore 
the probe concentration should not be 
increased above the recommended concen- 
trations. When the cbemilttminescent sub- 
strate CDF-Star™ is used, you will gener- 
ally need lower probe concentrations than 
ieith chemiluminescent detection with 
CSPD*. 

Optimization of the probe concentration - 
the "mock" hybridization 
To prevent background problems as a result 
of a too high probe concentration, we rec- 
ommend to optimize the probe concentra- 
tion in a mock hybridization, before the 
actual hybridization is performed. 

The mock hybridization is carried out by 
incubating small membrane pieces (with- 
out DNA transferred to it) with different 
probe concentrations in the hybridization 
solution and subsequent detection with the 
procedure of choice. 
T 

For example 


Probe type Con centration in the hybridization solution 

DNA/RNA probes 1 ulVml 3 ulVml SulVml 

End-labeled oligonucleotide 1 pmol/ml 3 pmo t/ml lOpmol/ml 

Tailed oligonucleotide 0.1 pmol/ml 0.5 pmol/ml 2 pmol/ml 

* Irom the labeling reaction 
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The highest probe concentration that gives 
an acceptable background should be used 
for the hybridization experiment (see fig- 
ure 7, 25 ng/ml). 

Probe Filtration 

SmaJl panicles that are contaminating the 
probe can be filtered out through a 0.45 um 
filter. This can be performed best after 
addition of the probe to prewarmed (to 
hybridization temperature) DIG Easy Hyb 
- and filtration of this entire hybridization 
solution (for information on hybridization 
buffers, see below). The filtration results in 
lower spot-like background (see figure 7). 
Note: Tbis can only be performed when 
DIG Easy Hyb is used as hybridization 
buffer. Other hybridization buffers have 
components (e.g. Blocking Reagent) that 
cannot be filtered through a 0.45 ttm filler. 
When you want to use another hybridi- 
zation buffer and want to purify the probe t 
we recommend to uie the procedure with 
High Pure PGR Product Purification Kit, 
described on page 40. 


Labeled probes can hybridize non-sperifi- 
cally to sequences that bear homology but 
'are not entirely homologous to the probe 
sequence. Such hybrids are less stable than 
perfectly matched hybrids. They can be dis- 
sociated by performing washes of various 
stringency. The stringency of washes can 
be manipulated by varying the salt concen- 
tration and temperature. For some appli- 
cations, the stringency of the washes should 
be higher. However we recommend thai 
you hybridize stringently (i.e., optimize 
hybridization conditions) rather than wash 
stringently. 

Prehybrldizatien/Hybrtdlzatlon solutions 
Several hybridization buffers can be used 
with the DIG-System. In our experience, 
optimal results have been obtained with 
the buffers, listed page 44. The main differ- 
ence with hybridization buffers described 
eljewhere, is the presence of Blocking 
Reagent. The protein in Blocking Reagent 
reduces the non-specific binding of probe 
to the membrane filter. 


12,5 ng/ml 


25 ng/ml 


37.5 ng/ml 


Hybridization and Washing Conditions 
We have found that DIG-labeled probes 
demonstrate the same hybridization kinet- 
ics as radiolabeled probes. Hybridization 
and washing conditions for DIG-labeled 
probes do not differ substantially from 
those of radiolabeled probes. The optimal 
hybridization and wash conditions for 
each probe must be determined experi- 
mentally. In this User's Guide, we provide 
recommendations for hybridization and 
wajhing conditions. Use the conditions 
given is a starting point. It may then be 
ncccsjary to optimize conditions to obtiin 
maximum semitivity with your probe. 



Figure 7: Mock hybridization and effect of probe 
filtration. Netted plica* of membrane were incubated 
with the indicated amount! ot DIG-labeled DNA 
probe, with and without Nitration through 0.45 um 
fitters, and detected with chemltumineieence. 


without 
filtration 
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DIG Easy Hyb» Standard buffer 


Standard buffer 
+ 50% formamide 


High SDS buffer 
(Church buffer) 


Cat. No. 1603558 
500 ml, ready-to- 
use solution 


5 xSSC, 0.1% (w/v) N-lauroyl- 50% formamide, deionized. 


sarcoiinc, 0.02% (w/v) SDS, 
1 % Blocking Reagent 


Table S: Composition of recom- 
mendid hybridization solution* 

■'DIG Easy Hyb is a ready-lo-uae 
hybridization buttir. 11 Is ■ non- 
toxic solution that can bo used like 
a formamide- based hybridization 
buffer and is highly recommended 
for all membrane based appli- 
cations. 


5 xSSC, 0.1% (w/v) N-Iauroyl- 
larcosine, 0.02 (w/v) SDS, 
2% Blocking Reagent 


Storage; and R 
Solutions 


9 of Hybridization 


One of the advantages of the DIG-System 
is the stability of the labeled probe. After 
hybridization against the blotted target, 
the hybridization solution still contains 
large amounu of unannealcd DIG-labded 
probe. Simply pour the solution into a 
plastic tube and store at -20" C for DNA 
probes and -70* C for RNA probes. DIG 
labeled probes are stable for at least 1 year 
when stored in this manner. 


7% SDS, 50% formamide, 
deionized, 5 x SSC, 2% Blocking 
Reagent, 50 mM sodium phos- 
phate, pH 7.0,0.1% (w/v) 
N-lauroylsarcosine 


Hybridization containers 
You may use seaUble containers or heat 
scalable plastic bags for the hybridization. 
The prchybridization and washings are 
generally performed in sample volume; 
here the membrane must be allowed to 
float freely, e.g. in a clean tray. 

Roller tubes in combination with a hybridi- 
zation oven may also be used. Use at least 
6 ml of (pre-)hybridizatton solution per 
tube. 

Note: The hybridization temperature 
should be monitored inside the roller tube. 
There might be a difference in the adjusted 
temperature and the temperature inside 
the bottle. Cheek the temperature by fill- 
ing a tube with water and placing a ther- 
mometer inside the tube. 


For reuse, thaw and denature by heating to 
+95* C for 10 min. If the hybridization 
solution contains formamide or if DIG 
Easy Hyb was used, denature at 68° C for 
10 min. 

Stripping and re probing 
With the DIG-Systcm, membranes can be 
stripped and reprobed. To do this refer to 
the procedures, described on page 66. 
Note: When reprobing is planned, mem- 
branes must be kept vtet at all stages, after 
the first probe bos been applied. 


What to do next 


_ At this time, proceed 

to the appropriate application in the 'Hy- 
bridization * section of the User's Guide. 
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Southern Blotting 

The DIG-5y stem can detect 0.03 pg (chemi- 
luminMcent detection) or 0.1 pg (col on- 
metric detection) homologous DNA in a 
Southern blot format on a nylon mem- 
brane. This correspond* to the detection of 
a single-copy gene in < I of, human 
genomic DNA. The procedures described 
here, are used routinely in our labs and 
have been found to give optimal results in 
Southern blotting, particularly in genomic 
Southern blotting. 

Required solutions 

Solution* required for Southern blotting 
are luted below. Refer to Appendix B for 
detail* on preparing these required solu- 


Required solution 


Southern Transfer 

The transfer of DNA from the gel to the 
membrane can be accomplished by one of 
a number of common procedures; however . 
the following procedures arc routinely 
used in our lab and provide optimal detec- 
tion sensitivity. 

Depurinatlon (optional) 
Controlled acid treatment depuri nates 
DNA. In the subsequent alkaline denatura- 
tion of the DNA, the DNA-strand breaks 
at the depurinated sites, resulting in small- 
er, easier to transfer fragments. Deputa- 
tion is an optional treatment, usually per- 
formed when fragments >10 kb must be 
transferred. If you are transferring small 


Startle, distilled wattr 


Denataratlon solution 1 0.5 N NaOH, 1.5 m NaCI 


NeutralUatloo solution 1 o.s M Tria-HO, pH 7.5; 3 M NaCI 


20 1 SSC buffer 


3 M NaCI, 300 mM sodium citrate. pH 7.0 


5 1 SSC buffer 


750 mM Nag, 75 mM sodium citrate. pH 7.0 


PrehytrldlwUon solution Prepare one of the following (see Table 7 lor composition end 
Appendli B lor deteNs on preparation) 

• 016 Easy Hyb 

• Standard buffer 

• Standard buffer + 50% formamlda 
■ High SOS buffer 


Hybridization aolullon 
2 x Wash solution 


DIG-taneled probe, dilutee" In prehyb rldlzeilon solution 
2 i SSC, containing 0.1% SDS 


0.6 I Wish solution 


0.5 1 SSC. containing 0.1% SDS 


Gel Electrophoresis 

Restriction digest the DNA. Prepare an 
agarose gel of appropriate percentage, using 
a high-puriry, nucleic acid grade agarose, 
such as Agarose MP or Agarose LE (avail- 
able from Bochringer Mannheim), and 
Tris-Borate-EDTA (TBE)- orTris-Acetate- 
EDTA (TAE)-buffer. Run the digest on the 
gel. If desired, the gel may be stained with 
ethidium bromide to visualize DNA frag- 
ments and to confirm the subsequent 
transfer to the membrane. 


DNAs (<10 kb) or detecting only the small- 
er fragments in a genomic digest, it may 
not be necessary to depurinate the DNA. 
Avoid excessive acid treatment; the frag- 
ments will be too small, which results in 
poor detection sensitivity. 

Procedure 

O Submerge the gel in 250 mM HC! for 
10 mm, with shaking, at room tempera- 
ture. Do not exceed 10 min. 

0 Rinse the gel with H,0 before proceed- 
ing to the "Denaturation section". 
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Oanaturstton, neutralization, and blotting 

O Submerge the gel in denaruration solu- 
tion for 2x15 min at room temperature. 
Shake gently. This treatment denatures 
the DNA, making it single-stranded and 
accessible for the later applied probe. 

© Rime the gel with HjO. 

O Submerge the gel in neutralization so- 
lution for 2x15 min at room tempera- 
ture. 

O Prepare membrane filters for Southern 
transfer, according to the manufacturer's 
recommendations. Boehringer Mann- 
heim Nylon Membranes can be used 
without any prior treatments. Always 
use unpowdered rubber gloves when 
handling membranes, and manipulate 
the membranes with forceps at the edges 
only. 

O Check pH. This is especially necessary 
when working with nitrocellulose. The 
pH should be <9, but nylon membranes 
also tolerate a higher pH. 

Q Blot the DNA from the gel by capillary 
transfer to the membrane, using 20 x 
SSC buffer. Blot overnight to ensure 
efficient transfer of the DNA. Alterna- 
tively, the DNA can be vacuum-blotted 
onto the membrane; vacuum blotting 
can be accomplished in 1-2 h, according 
to the manufacturer's recommendations. 
Our experience indicates that capillary 
transfer is more efficient than vacuum 
transfer. 

Fixation 

Crosslink the DNA to the membrane by 
any of the following procedures. 

► UV-crosslink the w« membrane with- 
out prior washing. After the UV cross- 
I inking, rinse the membrane briefly in 
HjO and allow to air-dry. For UV-cross- 
linking of membranes special devices art 
available, that perform better than 
transilluminators. 

Or 

► Bake the membrane (Boehringer Mann- 
heim Nylon Membranes) at + 120'C for 
30 min or according to the manufac- 
turer's instructions. 

► Nitrocellulose membranes must be 
baked at +80" C and under vacuum, to 
prevent spontaneous combustion of the 
nitrocellulose. 

The membrane can now be used immedi- 
ately for prehybridization, or can be stored 
dry at +4*C for future use. 


Denaturatlon, neutralization, and blotting 

O Submerge the agarose gel in denanjra- 
cion solution twice for 15 min at room 
temperature. Shake gently. This incuba- 
tion denatures the DNA target prior to 
transfer. 

B Rinse the gel with H,0. 

0 Submerge the gel in neutralization solu- 
tion twice for 15 min at room temper- 
ature to neutralize the gel. 

O Prepare membrane filters for Southern 
transfer according to the manufacturer's 
recommendations. Note: Always use un- 
powdered rubber gloves when handling 
membranes, and manipulate the mem- 
brane with forceps on the membrane's 
edges. 

O Especially when DNA transfer to nitro- 
cellulose membranes is intended, it is 
important to check the actual pH of the 
gel after neutralization. It should be 
below pH 9 (nylon membranes will 
tolerate a higher pH) otherwise mem- 
brane! will turn yellow and break dur- 
ing hybridization. To check the pH of 
the gel, lift one edge of the gel where no 
DNA has been loaded, press a pH stick 
into it and read the pH. 

© Blot the DNA from the gel by capillary 
transfer to the membrane, using 20 x SSC 
buffer. Blot overnight to ensure efficient 
transfer of the DNA. Alternatively, the 
DNA can be vacuum-blotted onto the 
membrane; vacuum-blotting can be 
accomplished in 1-2 h, according to the 
manufacturer's recommendations. Our 
experience indicate] that capillary blot- 
ting ii more efficient at transferring 
DNA than vacuum blotting. 

DNA fixation 

DNA can be efficiently bound to the nylon 
membrane by one of the following proce- 
dures. 

Procedure 

O UV-crosslink the wet membrane with- 
out prior washing. After the UV-cross- 
linking, rinse the membrane briefly in 
HjO and allow to air-dry. 

O Alternatively, the DNA can be fixed to 
the membrane by baking. Bake in an 
oven at +120"C for 30 min (Boehringer 
Mannheim Nylon Membranes). 

O Nitrocellulose membranes must be 
baked at 80* C under vacuum to prevent 
spontaneous combustion of the nitro- 
cellulose. 


Chapter 8 * Hybridization Techniques 


The membrane can now be used immedi- 
ately for prehybridization, or can be stored 
dry at +4*C for future use. 

Prehybridization and Hybridization 
Prchybriditation prepares the membrane 
for probe hybridization by blocking non- 
specific nucleic acid-binding sites on the 
membrane. This ultimately serves to lower 
background. Many different prehybridiza- 
tion solutions have been described in the 
literature. However, the prehybridization 
solutions described here combine efficient 
blocking with ease of use. 

As with any probe, optimal hybridization 
conditions for DIG- libeled probes must 
be determined experimentally. We strongly 
recommend that the time be taken to opti- 
mize each DIG-labeled probe (ice the mock 
hybridization on page 42). The time taken 
for optimisation . will result in cleaner 
results and, ultimately, time savings, espe- 
cially if a probe will be reused many times. 


Procedure 

O Place the blot in a hybridiiation bag con- 
taining 20 ml prehybrldization solution 
per 100 cm 3 of membrane surface area. 
Seal the bag, and prehybridize at the 
anticipated hybridization temperature 
for 2 h. Longer prehybridization times 
are acceptable. Several membranes can 
be processed in the same sealed bag as 
long as there is sufficient prehybridi- 
zation solution to cover all (he mem- 
branes, and the membranes can move 
freely in the bag. 

The optimal hybridization temperature 
for a specific probe will depend on the 
length of the probe and on the extent 
of sequence homology with the target 
sequence; therefore, it must be deter- 
mined empirically. See Table 7 for rec- 
ommended temperatures for different 
types of probes and different hybridi- 
zation solutions. 


Probe type 

Probe concentration 

Hybridization solution 

Temperature for prehybridization 
and hybridization* 

DNA 

5-25 ng/ml" 

DIG Easy Hyb 

Hybridize overnight at 37-42° C 



Standard buffer 

Hybridize overnight at 65-68* C 


Standard buffer 
+ 50% formtmide 

Hybridize overnight at 37-42* C 


HighSDS buffer 

Hybridize overnight at 37-42" C 

RNA 

100ng/ml'» 

DIG Easy Hyb 

Hybridize overnight at 50* C 



Standard buffer 
+ 50% formamide 

Hybridize overnight at 50*C 


tailed 

end-labeled 


0.1-2 pmol/ml 
l-10pmol/ml 


Table 7: Optimal hybridization conditions for 
diffirtnl probi types. 


DIG Easy Hyb Hybridize for 1 -6 h; hybridization temperatu re 

Standard buffer Varie 5 conside « bl y approximated by 

considering probe length and G plus C content. 
Sum up 4*C for each G or C and 2"C for 
each A orT Perform prehybridization and 
hybridization at 10*C below the obtained T m . 
Hybridization with a tailed oligonucleotide 
should be performed with 0.1 mg/ml Poly (A) 
(in the prchybridization and hybridization 
solution) to prevent nonspecific hybridization 
signals. Additionally, 5 ug/ml of Poly (dA) may 
be added for further blocking. 

•The conditions given hert are strinaant condition! 
applicable rl probe and targat have 100% homol- 
ogy and a GC content of about 50%. 
"When CDP-Star is used lor defection the recom- 
mended concentrations are 10-20 nfl/m! 0IG- 
labetsd 0NA or 20-50 n^rof OIGIabelad rna. 
Higher concentrations rosy causa background. 
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© When using double-stranded DNA 
probes, heat in a boiling water bath for 
, 10 min to denature the DNA. Chill di- 
rectly on ice. 

Single-stranded RNA probes and oligo- 
nucleotide probes do not require dena- 
turation prior to. dilution unless exten- 
sive secondary structure is predicted 
from the sequence- Prepare at least 
3.5 ml hybridization solution for a blot 
of 10x 10 cm. 


21kbp 



01G label 

0.5 h exposure time 
24hUmlo*n n « PPD 

Figure 8: A typical Southern blot. Southern blot analysis oMO pg Hint Ill-digested plant 
genomic DNA of transgenic tobacco STIa containing a single copy of the npMI gene (gift 
from M. Saul, personal communication), which was obtained by PES- mediated direct gena 
transfer (M. Saul, el el.. 19B8). The OKA was transferred to the positively charged Nylon 
Membrane from Boehringer Mannheim and hybridized with a DlG-ll-dUTP-tabeled Hirti ill 
fragment of the plaamid pSHl 913 (M. Schnorf. et il., 1991) at a concentration of 25 ng 
OIG-labeled DNA/ml hybridization solution. The hybridization was performed in a hybridization 
oven in the presence of 50% lormarolde as described by Nmhaui-Uri and Neuhaua. 

A: 10 up of Hint Iti-restricted plant OKA ol STia releasing 1 copy ol the 600 bp npt-U coding 
region. 

8: 10 pg of the Hini 111 fregmenl of pSHl 913 reflecting 1 gene copy. 

C: 40 ng of OIG-labeled Molecular Weight Marker III (Boehrtnger Mannheim). 

Exposure time to X-ray film, to record the chemlluminescenl signal was 0.5 h. The time elapsed 

between preincubation with the cnemlluminescence substrate and exposure to X-ray film 

was 24 h. 

References 

1. Neuhaus-Url, G. and Neuhaus. G. (1993) Transgen. Res. 2, 115-120. 
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O Dilute the probe in hybridization solu- 
tion. See Table 7 for optimal probe con- 
centrations. 

O Discard the prehybridization solution 
from the bag. Add the hybridization 
solution containing the DIG -libeled 
probe. Allow the probe to hybridize. 
See Table 7 for selecting ■ hybridization 
solution and temperature. 

© At the end of the hybridization, pour 
the hybridization solution from the bag 
into a tube (with cap) that can withstand 
. freezing and boiling (e.g., 50 ml poly- 
propylene). 

This hybridization solution contains 
unannealed DIG-labelcd probe. The 
entire solution can be reused in future 
hybridization experiments. Label and 
date the tube, and store DNA probe 
solutions at -20* C and RNA probe 
solutions at-70"C. DIG-labeled probes 
stored in this manner are stable for at 
least 1 year. For reuse, thaw and dena- 
ture by heating to +95*C for 10 min. If 
the hybridization solution contains 
50% formtmide (the flash point of pure 
formamide is +6-8°C) or DIG Easy Hyb, 
denature at +68' C for 10 min. 

O Wash the membrane twice, 5 min per 
wash, in 2 x wash solution at room tem- 
perature. These washes (steps 6 and 7) 
remove unbound probe, which will lead 
to high backgrounds if not removed. 

©Wash the membrane twice, 15 min per 
wash, in 0.5 x wash solution. Long 
probes (>100 bp) should be washed at 
68" C. For shorter probes, the wash 
temperature must be determined em- 
pirically. 

Wore: For most applications, washing in 
0.5 x wash solution is stringent enough. 
It must be determined empirically 
whether it is necessary to wash with 
0.1 x wash solution (0.1 xSSC, contain- 
ing 0.1% SDS. 


What to do next 


At thii time, proceed 
to the 'Detection' division of this User's 
Guide, which begins on page S8. 


Dltl were kindly provided by Dr. G. Neuhaus-Url. ETH, Zurich, Switzerland. 
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DNA Dot Blotting 

Dot blots and slot blots arc rapid methods 
for rht qualitative screening of DNA. Tar* 
get DNA samples may be purified DNA, 
cell lyiate, or PCR-amplified DNA. 

The same hybridization and detection pro- 
cedures used with Southern blots arc also 
performed on DNA dot blots; therefore, 
proceed to the Southern prehybridization 
. and hybridization procedures (page 47) 
after preparing the dot bloL 

Required solutions 

Products -and solutions that are required 
for the hybridization of DNA, but not 
specifically required for the dot blotting 
procedure given here, are listed in the 
Southern blotu'ng application (page 45) . 


DMA dilution 50 ug/ml herring eperm ON* 
buffer 10mMTnVHCt;pH8.0; 

1 mM EOTA, pH 8,0 


Figure 10: HLA-DR gertotyplng by cltemllumlnes- 
cent reverse Dot Blot Sixteen sequence-apecfflc 
oligonucleotides (SSOe) were blotted onto a nylon 
membrane. PCfi-ampiifled target 0NA {HLA-DR 
gene, second exons) corresponding to one Individual 
was 3'-labeled with DIG- 1 1 -ddl/TP by Terminal 
transferase, end hy bridged to the Immobilized 
SSOs. After washing, chemflumlneseent detection 
was performed. The HLA-DR genotypjng ol this 
individual was round to be HUDRB1"01 -0RB1 *07. 
Data were kindly provided by Dr. J.F. Eilaou - 
Laboratolra d'lmmunolopje, Montpelllar, France. 


Procedure 

© Prepare a dilution series of your DNA 
target in suitable amounts. 

© Denature the DNA target in the dilu- 
tions for 10 min it +95 , C, and chill 
immediately on ice. 

O Mark the membrane lightly with a pen- 
cil to identify each dilution before spot- 
ting. We recommend Boehringer Mann- 
heim Nylon Membranes, positively 
charged. 

O Dispense 1 ul of each dilution onto the 
membrane. Mix dilution* well before 
doiiing on membrane. 
© Fix the DNA to the membrane by UV 
crosslinking or baking in an oven at 
+ I 20'C for 30 min (Boehringer Mann- 
heim Nylon Membranes). 


R B RB RB ^ RB T$ 

02-85 .& v 01-13 02-13 K 


32-13 03-78 



13-72 -^ 14 * 60 O 7 * 70 

. 'iw' ,v '*- ; " ~ - - V " ■ ' 
g RB RB RB 

^-.09-28^10-71 ^36-37 



Figure 9: Cherailumlnescant Dot 
Blot showing HLA claes II typing. 
Human genomic ONAs from 4fi pa- 
tients were PCR ampliiied end 
blotted onto a nylon membrane. 
A HLA DRBI 01 sequence-specific 
oligonucleotide was 3' -end labeled 
with 016- 1 1 -dUTP by Terminal trans- 
ferase and hybrldired to the mem- 
brane. After washing. cnemBumines- 
cent detection was performed. The 
blot was exposed to X-ray film tor 
15 min. 

Data were kindly provided by 
Dr. A. Molne-brenobta Trinatuslon, 
LaTronche, France. 


What to do next 


«■ — Hybridize the sam- 
ples on the dot blot according to the 'Pre- 
hybridization and Hybridization" proce- 
dure described in the "Southern Blotting* 
application, which begins on page 45, 
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Colony and Plaque Hybridization 

The DIG-System provides a sensitive and 
rapid method for detecting positive colo- 
nies or plaques in a heterologous back- 
ground. Colony and plaque hybridizations 
have been developed to allow rapid screen- 
ing of bacterial and phage recombinant 
libraries for specific DNA sequences. The 
bacterial colonies or phage particles are 
transferred to a nylon membrane. Alkaline 
treatment serves to lysc the colonies or to 
disassemble the phage particles. The dena- 
tured DNA is then immobilized on the 
membrane, followed by a proteinase K 
treatment to digest interfering proteins. A 
digoxigcnin-labeled DNA, RNA or oligo- 
nucleotide probe ts used for hybridization. 
Detection is carried out with a colorimetric 
or chemiluminescent immunoassay. 


Recommended Membranes 
We recommend to use Nylon Membranes 
for Colony and Plaque Hybridization, Cat. 
Nos. I 699075 (0 82 mm) and 1 699083 (0 
132 mm). The membranes are uncharged 
at pH 6.5 and have a pore size of 1.2 pm. 
The membrane discs are especially suited 
and tested for nonradioactive screening 
of phage or cosmid libraries with DIG -la- 
beled probes and detection with highly 
sensitive chemiluminescent (CSPD, CDP- 
Star) or chromogenic substrates (NBT/ 
BOP, Multicolor Detection Set). The opti- 
mized retention of nucleic acids and the 
mechanical strength allow multiple strip- 
ping and rep robing with different probes. 

Fixation of the DNA to the Nylon Mem- 
branes for Colony and Plaque Hybridiza- 
tion can be performed by UV crosslinking 
or by baking at + 80"C. 


Required Solutions 

Refer to Appendix B for details on prepar- 
ing these additionally required solutions. 


Required solution 

Description 1 

Oonsturatlon solution 1 

0.5 N NsOH, UmNaCt 

Neutralization solution 2 

I.OMTrnj-HCt. pH 7.5; 1.5 M NaCI 

20 x SSC buffer 

3 M NaCI, 300 mM sodium citrate, pH 7.0 

2 x SSC buttir 

0.3 mM NaCI. 30 mM sodium cilrata. pH 7.0 

Protainasa K 

2 mg/mi Proteinase K in 2 x SSC buffer 

dilute Protelnaaa K (> 600 U/ml, 1 4-22 mg/ml; 

Cat. Nos. 141 3 783, 1373 196, 1373200)1 10 10 in 2 x SSC) 

or 

diasotva Protelnass K flyophllleate, epprax. 20 UVmg; 
Cat. Nos. 161 SIB, 745723, 1 000144, 1 092766) 
2 mg/ml In 2 x SSC 

Pre bybrtfflzaUon solution 

Prepare one of the following (tee Table 8 tor 
composition and Appendix B lor details on preparation) 

• 0IG Easy Kyb 

• Standard buffer 

• Standard buffer + 50% formamida 

Hybridization solution 

OlG-tabetad probe, diluted In pre hybridization solution 

2 x Wain solution 

2 x SSC, containing 0.1 % SOS 

0.6 x Wash solution 

0.5 x SSC, containing 0.1% SOS 


Any type of DIG-tabeled DNA, RNA or 
oligonucleotide probe can be used for 
colony and plaque hybridization. How- 
ever, to avoid nonspecific hybridization, 
use a probe that docs not contain any 
sequences homologous to the vector. For 
DNA probes it is therefore recommended 
to use isolated inserts as template for the 
probe labeling. 
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The optima) hybridization temperature and 
probe concentration mu« be determined 
empirically. Table 8 offers general guide- 
lines. T 


Probe type 


DNA 


Table 8: Hybridization conditions 
for different probe types 

Probe concentration Hybridization solution Time and temperature for prehybridization 
a nd hybridization* 


5-25 ng/ml" 


DIG Easy Hyb 


Hybridize for 2 h at +42*C 


Standard buffer 
■ + 50% formamide 


Standard buffer 


lOOng/ml- 1 


DIG Easy Hyb 


Hybridize overnight at +42* C 
Hybridize ov crriight atQ6B 


Hybridize for 2 h at + 50*C 


Standard buffer 
+ 50% formamide 


Hybridize overnight at +50"C 


Oligonucleotides 
tailed 

end-labeled 


0.1-2 pmol/ml 
1-IOpmol/ml 


Procedure 
Colony/plaque lifts 

O Soak 2 layers of Whatman 3MM paper 
for each different solution: denaturation 
solution, neutralization solution and 2 i 
SSC 

© Pre-cool colonies or plaques on agarose 
plates for approx. 30 min at 4°C For 
plaque lifts we recommend the use 
of Agarose MP (Cat. Noa. 1444 964, 
1388983, 1388991) for the top agar 
(07% in YT-medium). 

O Carefully place a membrane disc onto the 
surface. Avoid air bubbles. Do not move 
the membrane once it has been applied, 
as transfer begins almost immediately. 

© Leave the membrane on the plate for 
approx. I min. Mark the orientation of 
the membrane to the plate, in order to 
be able to identify the positive colonics 
or plaques after detection. 

© Remove membrane disc carefully with 
filter tweezers and blot briefly (colo- 
nies/plaquei-side up) on dry Whatman 
3 MM paper. 

© Place membrane discs (colonies/plaques- 
side up) for 15 min (colony lifts) or 5 min 
(plaque lifts) on the prepared filter paper 
soaked with denaturation solution. 

© Blot briefly on Whatman 3MM paper. 


DIG Easy Hyb Hybridize for 1-6 h; hybridization temperature 

Standard buffer vari " WMiderably and can be approximated by 

considering probe length and G plus C content. 
(To estimate the l mt add 4 ■ C for each G or C and 
2*C for each A or T. Hybridize at 10" C below 
this estimated T.J. To prevent non-specific 
hybridization signals, hybridization with a tailed 
oligonucleotide should be performed with 
0.1 mg/ml Poly (A) in the prehybridization and 
hybridization solution. Additionally, 5 ug/ml 
of Poly (dA) maybe added for further blocking. 


© Place membrane discs (colonics/plaquea- 
sidc up) for 15 min onto the prepared 
filter paper soaked with neutralization 
solution. 

© Blot briefly on Whatman 3 MM paper. 
©Place membrane discs for 10 min onto 

the prepared filter paper soaked with 2 x 

SSC. 

©Crosslink the transferred DNA with 
UV-light or by baking the dry mem- 
branes for at least 30 min at 80* C. 

Proteinase K treatment 

O Place membrane discs on a clean piece of 
aluminium foil and pipet 0.5 ml of 2 mg/ 
ml Proteinase K on each membrane disc 
(0.5 ml for the discs 0 82 mm). 

© Distribute the solution evenly, incubate 
fori hat 37*C 

© Using filter paper fully wetted witlT 
dH 2 0, blot membranes between the fil- 
ter paper, and apply pressure by passing 
over the area with a ruler or a bottle. 

© Remove cellular and agar debris by"* 
gently pulling off the upper filter paper 
(the debris will stick to this filter paper). 
Check the complete removal of all cellu- 
lar debris. When necessary repeat the 
blotting step with a fresh piece of filter 
paper, soaked in water. The filters are 
now ready for hybridization. 


'The conditions given here are 
stringent conditions, applicable 
when probe end target have 100% 
homology and i G plus C content 
of about 50%. 
"When CDP-Star Is used tor detec- 
tion, the recommended probe 
concentrations are 1 0-20 ng/mt 
OIG-tabeted DNA or 20-50 ng/ml 
DIG- labeled RNA, Higher concen- 
trations may causa background. 
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Hybridization 

The membranes can be hybridized in roller 
bottles, glass dishes, or sealed in hybridi- 
zation bags. Make sure that the membranes 
do not stick to gethe r and are sufficiently 
covered with hybridization solution. We 

(recommend no more than 4 to 5 mem- 
branes per hybridization vessel, or up to 
J membranes per roller bottle. 

The volumes in the following protocol are 
calculated for the use of 275 ml roller bot- 
tles. 

O Place up to 3 membrane discs (0 82 mm) 
in a roller bottle, add 60 ml prehybridi- 
zation solution. 

© Prehybridize for 1 h in a hybridization 
oven at the recommended temperature 
(see Table 8) 

©Denature the labeled probe (double 
t stranded probes only) by boiling for 
5 min at 95-100'C. Rapidly cool on ice. 

©Mix the denatured probe with 6 ml 
hybridization solution, prewarmcd to 
hybridization temperature. 

O Remove the prehybridization solution 
and add the hybridization solution. 

©Incubate according to the recommen- 
dations in Tabic 8. 

O At the end of the hybridization, pour 
the hybridization solution into a tube 
that can withstand freezing and boiling 
(e.g. a 50 ml polypropylene tube). The 
hybridization solution can be reused 
several times, as long as the probe has 
not been depleted from solution. The 
DJG-Ubeled probes are stable for at 
least 1 year when itoredat -20* C (DNA 
and oligonucleotide probes) or -70* C 
(RNA probes). For reuse, thaw and 
denature the entire mix by heating to 
9rCfor 10 min. When DIG Easy Hyb 
is used or when the hybridization solu- 
tion contains formamide, denature at 
+6B* C for 10 min. 


Stringency washes 

© Wash the membranes twice for 5 min in 
ample 2 x SSC, 0.1% SDS min ar room 
temperature with gentle agitation. 

©Transfer the membranes to 0.5 x SSC, 
0.1% SDS and wash twice for 15 min at 
68" C with gende agitation. 

Note on subsequent detection 

► Besides chemiluminesccnt detection or 
colorimetric detection with NBT/BCIP, 
we also recommend the use of the 
Multicolor Detection Set for detection. 
This detection method, described on 
page 62, allows the simultaneous detec- 
tion of three different probe/target hy- 
brids on a single filter. 


. What to do next 


At this time, proceed 
to the 'Detection* division of this User's 
Guide, which begins on page 58. 
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Northern Blotting 

The DIG System can be readily used to 
detect RNA on a membrane. The result! 
that are obtained with the DIG System are 
equivalent to those achieved with radio- 
active techniques. The same parameters in 
choosing hybridization conditions apply 
to both systems. 

Probe Preparation 

As is the case with radioactive probes, 
DIG -labeled RNA probes demonstrate 
stronger signals and less non-specific hy- 
bridization than DNA probes on North- 
ern and Southern Blots. Therefore we rec- 
ommend to use a RNA probe whenever 
possible. 

If a DNA probe must be used, wc recom- 
mend that you use the high SDS hy- 
bridisation buffer or DIG Easy Hyb to 
reduce background. See Table 9 for details 
on hybridization solutions for different 
probe types. 

Optimization of the Probe Concentration 
Optimize the probe concentration before 
all hybridization experiments. This is 
necessary to avoid background staining, 
and it can be easily performed with a series 
of mock hybridization, where increasing 
concentrations of DIG-labcled probes are 
incubated with naked pieces of membrane 
or hybridized to dots of homologous DNA 
or RNA. This procedure ij described on , 
page 42. 

Avoidance of RNase Contamination 
Throughout the northern blot experiment, 
be careful to avoid the introduction of 
RNases, as RNA is susceptible to degra- 
dation even after its immobilization on 
a nylon membrane. We recommend sterili- 
zation of all solutions and containers thai 
will come in contact with the RNA or 
northern blot. In addition to autoctaving, 
treat solutions and containers with DMPC 
(dimethylpyrocarbonite) or DEPC (di- 
ethylpyrocarbonatc). 

Throughout the experiment, use forceps 
whenever possible, and wear gloves. 

Optimal Blotting Conditions 
Salt concentrations between 10 x and 20 x 
SSC give equivalent reaults for the transfer 
of RNA from a 1% agarose formaldehyde 
gel to a nylon membrane. The optimal 
blotting duration is overnight at 4 a C or 
room temperature. 


Required solutions 


H Required solution 

Description ] 

& Prehybridkatlon solution 

Prepare one of the following (see Table 9 lor hybridization 


solution requirements, and see Appendix B for details on 


preparation) 


• DIG Easy Hyb 


— f> High SDS buffer 


• Standard buffer ♦ 50% f ormemide 

Hybridization solution 

DIG-lsoelod probe, diluted in prehybridliatlon solution 

2 x Wish solution 

2 x SSC, containing 0.1% SOS 

0.5 a Wast) solution 

0.5 x SSC, containing 0.1 % SDS 

- 20 x SSC 

3 M NaCI. 300 mM sodium citrate. pH 7.0; 


treated with DMPC 


I.S^M NaCI, 150 mM sodium citrate, pH 7.0 
treated with DMPC 


Controls 

A DIG-labeled anti-sense Actin RNA hy- 
bridization probe {Cat. No. 1498045) is 
available for evaluating the quality and 
quantity of your RNA. 

Northern Transfer 

O After electrophoresis in a standard form- 
aldehyde gel, equilibrate the gel in 20 x 
SSC (DMPC-treated) for 2 x 15 min. 

© Prepare a membrane filter. Wear pow- 
der-free gloves when handling the mem- 
brane, and manipulate the membrane by 
applying forceps to the edges. 
For best results, use Bochringer Mann- 
heim's Nylon Membranes (Cat. Nos. 
1209 299, 1209272, 1417240) for the 
transfer. This membrane has an optimal 
charge density, allowing it to bind the 
RNA tightly without producing high 
backgrounds. Our nylon membrane is 
also specifically tested with the DIG 
System to ensure optimal background 
characteristics. 

© Blot the RNA from the gel by capillary 
transfer overnight at +4°C for 4 h at 
room temperature with 10 x or 20 x SSC 
(DMPC-treated). ^ U ^ g 

Q UV-crrtfsJtnk or bake the membrane at l . V i c-kacA* \*j 
+ 120»Cfor30min. 

Prehybridization and Hybridization 

Before hybridization, determine the opti- 
mal probe concentration according to the 
mock hybridization protocol on page 42. 
Table 9 gives general guidelines for probe 
concentrations and hybridization temper- 
atures. 
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Table 9: Optimal hybridization 
condition lor different probe 
typ«. 


O Place the blot in a hybridization bag 
containing 20 ml prehybridization solu- 
tion per 100 cm 1 of membrane surface 
area. Seal the bag, and prehybridize at 
the anticipated hybridization tempera- 
ture for at least 1 h. 

Longer prehybridization rimes are ac- 
ceptable. 


Probe type 

Probe concentration 

Hybridization solution 

Temperature for prehybridization 
and hybridization* 

RNA 

50-100 ng/ml" 

DIG Easy Hyb 

Hybridize overnight at 68* C 



Standard buffer 
+ 50% formamide 

Hybridize overnight at 68* C 

DNA 

25 ng/ml" 

DIG Easy Hyb 

Hybridize overnight at +50*0 



HighSDS buffer 

Hybridize overnight at + 50" C 


Oligonucleotides 
tailed 

end-labeled 


0.1-2 pmol/ml 
l-lOpmol/ml 


DIG Easy Hyb Hybridize for 1-6 h; hybridization temperature 

High SDS buffer va "" 'on^dcrably and can be approximated by 

considering probe length and G plus C content. 
(To determine theT„, add 4»C for each G or C 
and 2* C for each T or A. Perform prehybridi- 
zation and hybridization 10"C below the calcu- 
lated T,0. To prevent non-specific hybridization 
signals, hybridization with a tailed oligonucleo- 
tide should be performed with 0.1 mg/ml 
Poly (A) in the prehybridization and hybridi- 
zation solution. Additionally, 5 ug/ml of 
Poly (dA) may be added for further blocking. 


'The conditions given tiara are 
stringent conditions, applicable 
If probe and target have 100% 
homology and a G plus C conteni 
ot eoout 50%. 
"When CDP-Ster is used for detec- 
tion, me recommended concen- 
trations are 10-20 ng/mi DIG- 
labeled 0NA or 20-50 ng/ml 
DIG-labeled RNA. Higher concen- 
trations may cause background. 


© Heat-denature the probe in a boiling 
water bath for 10 min. 
Oligonucleotide probes do not require 
denaturation prior to dilution unless 
extensive secondary structure is pre- 
dicted from the sequence. 

© Dilute the probe in prthybridization 
solution. Sec Table 9 for recommended 
probe concentrations. 

© Discard the prehybridization solution 
from the bag, and add the hybridization 
solution containing the DIG-labelcd 
probe. Allow the probe to hybridize. 
See Tabic 9 for recommended hybridi- 
zation conditions. 

© At the end of the hybridization, pour 
the hybridization solution from the bag 
into a tube (with cap) that can withstand 
freezing and boiling (e.g., a 50 ml poly- 
propylene tube). 

This used hybridization solution con- 
tains unanneiled DIG-labeled probe. 
The entire solution can be reused in 
future hybridization experiments. Store 
DIG-labelcd DNA probes at -20'C; 


store DIG-labeled RNA probes at 
-70" C. DIG-labeled probes stored in 
this manner are stable for at least one 
year. For reuse, thaw and denature by 
heating to +68" C for 10 min. 

©Wash the membrane twice, 15 min per 
wash, in 2 x wash solution at room tem- 
perature. These washes (steps 6 and 7) 
remove unbound probe, which would 
otherwise lead to high background. 

©Wish the membrane twice, 15 min per 
wash, in 0.5 x wash solution. Wash long 
probes (> 100 bp) at +68* C. For shorter 
probes, the washing temperature must 
be determined empirically. 

Note: The stringency of this final wash 
must be determined empirically. Depend- 
ing on length and homology of the probe it 
will be necessary to adjust the salt con- 
centration. Fully homologous probes vriB 
often require 0.1 x wash solution. 
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3 I 1 


M Figure 11: Example of a northern blot with s DIG-ls beted AHA probe. Approximately 
200 ng of total UNA from rat spinal cord (1). cortex (2). spleen (3). kidney (4). and liver 
{5, 6, 7) were run on a 1 .5% agarose/formaldehyde gal and transferred to a nylon membrane. 
Specific mRNA was detected with a 2.5 kb dlgoxigenin -labeled antisense RNA probe derived 
trom zinc finger cDNA. For quantification, lanes 6 and 7 contain 0.1 pg and 1 pg, respec- 
tively, of a synthetic sense RNA derived from the same cDNA. 

A. 45 mln exposure of the membrane 2 h after the start of the detection reaction with the 
chemituminescence substrate. A 4.8 kb mRNA is detected In all tissues. The amount of 
mRNA in liver approximately corresponds to the o.i standard in lane 6 running at 2,5 kb. 
Arrows indicate the positions of the 18S and 2SS ribosomal RNAs. 

B. Photograph of the Ethldium bromide-stained 1 SS and 2BS RNAs altar transfer to a nylon 
membrane. 

Data were kindly provided by U. Pott, Brain Research institute, Zurich, Switzerland. 
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Figure 12; Comparison of extraction efficiency. RNA was extracted from different amounts 
of mouse heart tissue alter the addition of 4 pg recovery standard. 
Lane 1: Total RMA was extracted trom BO mg heart tissue by the acid guanldlnlum thJocyanato- 
phsnol-chloroform method as described in reference 1 . Lanes 2 to 6: mRNA was extracted as 
described in reference 2 from 80 mg (lane 2), 16 ma (lane 3), 8 mg (lane 4), 1.6 mg (lane S), 
and D.fi mg (lane 6) heart tissue. 0,6 mg of heart tissue contains only about 50 ng PolyfA) 4 
RNA and less than 300 fg nerve growth factor (NGF) mRNA, which Is below the detection 
limit of conventional northern blots. The RNA was glyoxylated. separated in 1.2% agarose 
gel, and transferred to a positively charged Nylon Membrane (Soehrlnger Mannheim). 
After hybridization with a dlgoxigenin-iabeied cRNA probe. NGF mRNA was visualized by 
chemllumlnescant detection, Hybridization and detection were performed under standard 
conditions described hi DIG- labeling and detection protocols Irom Boehringer Mannheim. 


Figure 13; Extraction of mflNa trom various rat 
tissues. mRNA wsa extracted from the Indicated 
rat tissues (50 mg wet weight each) by the method 
described In reference 2. In order to determine the 
extraction efficiency, 8 pg of 8 shortened polyade- 
nyfated NGF recovery standard (reference 3) was 
tddod to each sample prior to mRNA extraction. 
Hybridization and detection were performed es 
described in Figure 12. 

Data from Figures 12 and 13 were kindly provided 
by Dr. 8. Hengerer. C1BA GEIGY AG, Bawl. 
Switzerland. 
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. . What to do next 
Proceed to the 'De- 


tection' division of this User's Guide, which 
begins on page S8. 
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RNA Dot Blotting 

Dot blou and slot blots arc rapid methods 
for the qualitative screening of RNA. The 
jame hybridization and detection proce- 
dures used with Northern biota are also 
performed on RNA dot blou; therefore, 
proceed to the Northern blotting appli- 
cation (page 53} after completing this dot 
blotting procedure. 

Required solutions 

Solutions required for the hybridization 
and detection of RNA dot blots, but not 
specifically required by the dot blotting 
procedure given here, are listed in the 
Northern blotting application (page 53). 


Required solution Description 


DMPC-lraalad H,0 Sterile, dls1IIl«l watbr, DMPC-treated with 0.1% dlmathylpyrocarbonate 
(aae page 64) 

HHA dilution bufttr Mb DMPC-lraatBd HjO : 20 x SSC : Formaldehyde (5:3:2) 
Procedure 

O Dilute the RNA sample in RNA dilu- 
tion buffer. 

© Mark the membrane lightly with a pen- 
cil to identify each dilution before spot- 
ting. 

© Using a micropipetior, spot 1 pi of the 
RNA sample onto a dry nylon mem- 
brane. Alternatively, the sample can be 
applied using a slot- or dot-blotting 
manifold. 

O Fix the RNA to the membrane by UV 
crosilinking or baking in an oven n 
+ 120*0 for 30 min. With nitrocellulose 
membranes, use a vacuum oven at 
+80°Cfor2h. 


What to do next 


Hybridize the sam- 
ples on the dot blot according to the recom- 
mendations described in the northern blot- 
ting application, which begins on page S3. 
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Chemllumlnescent Detection 

Using chemiluminescent detection a light 
signal is produced on the site of (he hy- 
bridized probe. The light signal can be re- 
corded on X-ray films, requiring only very 
short exposure times. 

Chemiluminesceni detection is a three-step 
process. In the first step, membranes are 
treated with Blocking Reagent to prevent 
nonspecific attraction of antibody to the 
membrane. Then, membranes are incu- 
bated with a dilution of Anti-Digoxigemn, 
Fab fragments, which are conjugated to 
alkaline phosphatase. In the third step, the 
membrane carrying the hybridized probe 
and bound antibody conjugate is reacted 
with a chemiluminesceni substrate and ex- 
posed to X-ray film to record the chemi- 
luminesceni signal. 

Products required 

Products and solutions required for chemi- 
luminescent detection are listed below. 

Chemiluminesceni alkaline phosphatase 
substrates are available as: 

► The DIG Luminescent Detection Kit 
(Cat No. 1363 514) contains all of the 
reagents required for chemiluminesceni 
detection of digoxigenin-labclcd nucleic 


acids, including CSPD*. It also contains 
a DIG-labeled control DNA for prac- 
ticing chcmiluminescent detection. 

► CSPD* can be purchased as a separate 
reagent and used to replace the colon- 
metric detection reagents {BCIP and 
NBT) in the DIG DNA Labeling and 
Detection Kit (Cat. No. 1 093 657) or the 
DIG Nucleic Acid Detection Kit (Cat. 
No. 1175 041). 

CPD-Star™ can be purchased as a 
separate reagent and used to replace 
the colorimciric detection reagents 
(BCIP and NBT) in the DIG DNA 
Labeling and Detection Kit (Cat. No. 
1093 657) or the DIG Nucleic Acid 
Detection Kit (Cat. No. 1 175041). 

► CSPD* and CDP-Star™ can both be 
used for the same applications. The 
choice for CSPD* or CDP-Star™ 
depends on your experience in working 
with chemiluminesceni detection. CDP- 
Star™ is the fastest chemilumincscent 
substrate available, typically requiring 
exposure times of only 15-60 s, whereas * 
exposure times for CSPD* are typically 
15-30 min. Because working with CDP- 
Star"™ requires some experience, we 
recommend to start your experiments 
with CSPD* 


Name In procedure Description 


Antl-DlgoxIganln-AP* 750 itnlti/mJ Antl-Oiooxlgenln, Fab Iranmenta conjugated to 
alkaline phosphatase 


• Vial 3. DIG Luminescent Detection Kit for Nucleic Acids 

• Vial fi, 0IG DNA Labeling end Detection Kit 

* Vial 3, DIG Nucleic Acid Detection Kit 

* Anti-OlaoHoenln-AP (Cat. No. 1 093 274) 


25 mM Dlsodlum 3-(4-mBthoxyapiro{l 1 2-dloxetane-3 1 2'- 
{5'-chloro)tricyclo[3.3.i .l"jdBcan).4-yfj phenyl phosphate 
(dilute before use) 


• Vial 5. DIG Luminescent Detection Kit 

• CSPD* (C*L No. 1655 884) 


25 mM dlsodfum 4-ch!oro-3-(4.meif»xysplro(1.2-dioxatane- 
3,2^5' -ch1oro)tricyclol3.3.1 .1* 1decen}-4-yt) phenyl 
phosphate (dilute before uie) 


• CDP-Star"* (Cat. No. 1 685627) 


'Note: Smttl entlbody eggregetee 
In the Antl-Dlgoxlgenln-AP any 
teed to beckgnnmdln the detec- 
tion. It is therefore recommended 
to centrifuge the risl with intl- 
I body cenjuotte for S mln it 
13,000 rpm, before a* tint vte. 
After the tint tite It 1$ etittklent 
to centrifuge the AnU-Dlgailge- 
aln-AP tor 1 mln, dlrtctty before 
dilution. 
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Additionally required solutions 

Except TE buffer, all the following re- 
quired solutions are available in a ready- 
to-uie form in the DIG Wash and Block 
Buffer Set (Cat. No. 1585762). Bottle 
numbers for this jet sre given in parenthe- 
ses. Alternatively, they can be prepared 
from separate reagents according to proce- 
dures described in Appendix B, ▼ 


Procedure 

Perform all incubations at room tempera- 
lure. 

Incubations can be performed in a scaled 
hybridization bag or clean plastic tray. If a 
bag is used, remove all large air bubbles 
that may be present in the bag. If a tray is 
used, agitate the tray gently to ensure that 
the membrane is always covered. If you are 


^Hj Additionally required reagent 

Description | 

& Washing buffer (Bottle 1; 
dilute 1:10 with K 3 0) 

100 mM malek acid, 150 mM NaO; pH 7.5 (+20* O; 0.3% (v/v) IWeen* 20 

tt*, Malelc acid butter (Bottlt 2; 
dilute 1:10 wlthM) 

1 00 mM (nalslc acid, ISO mM Nad; pH 7.5 (+20*C) 

0 > Blocking lolutlon [Bottle 3; 
dilute 1:10 with 1 x Malelc 
acid butter) 

1 % (w/v) Blocking reagent fot mideic acid hybridization dissolved In Malelc acid buffer- 
Blocking solution is cloudy end should not be filtered, it ta stable tor at (east two weeki 
when stored at +4*C, but must then be brought to room temperature before use. 

/^Detection cutter (Bottle 4; Cl \ 
<2s dilute 1:10 wlthl^O) 

^ 100 mM Trts-HCI, 100 mW NeCI; pH 9.5 (+20* 

TE buffer 

1 0 mM Trls, 1 mM EDTA; pH 8.0 (+20* g 


DMPC-treated H,0 
(for RHA probes only) 


Sterile, distilled water treated with 0.1 % dimethytpyrocarbonste (see page 84) 


Guidelines for handling CSPD # 
or CDP-Star™ 

To maintain full activity, as well as the 
nuclease-, phosphatase-, and bactcria-frce 
environment in which the ehemiiumines- 
cent substrates CSPD # or CPD-Star™ are 
provided, adhere to the following precau- 
tions: 

► Do not place any non-sterile instrument 
(e.g., pipet rips) into the substrate solu- 
tions. 

► Remove the substrate from the bottle by 
pouring it into a sterile container using 
sterile technique or by transferring it 
with sterile pipettes. Wear powder-free 
gloves, and avoid touching the mouth of 
the bottle to anything. 

► Avoid touching the membrane with fin- 
gers (gloved or ungloved). 

► Use blunt-ended forceps that have been 
washed and autoclaved (to avoid alkaline 
phosphatase contamination) to pick up 
membranes, and handle membranes 
only at their edges. 

► Wear unpowdered gloves, and use hy- 
bridization bags free of dust and pow- 
der. Gloves or bags can be wuhed in 
distilled water before use. 

► Diluted CSPD* or CPD-Star™ can be 
stored at +4"C in the dark and can be 
reused one to two times. 


using more than one membrane, add 
enough solution to cover all mem- 
branes. 

O After hybridization and post-hybridi- 
zation washes, equilibrate the mem- 
brtne in washing buffer for 1 min. 

© Allow the chemiluminescem substrate 
to come to room temperature. 

O Using a freshly washed dish or bag, 
block the membrane by gently agitating 
it in blnrkin y solution for 30-60 min. 
Near the end of the blocking period, pre- 
pare the antibody solution as described 
in step 4. Longer blocking times are ac- 
ceptable. 

O Dilute the Ami-Digoxigenin-AP 1 : 10,000 
(after centrifugation, see page 5B) in 
blocking solution . Mix gently by in- 
version. For example, for a 1:10,000 
dilution, add 3 pi Anti-Digoxigenin-AP 
to 30 ml blocking solution and mix. 
When working with CDP-Star™, dilute 
Anti-DigoKigenin-AP t : 20,000 in block- 
ing solution. 

This working antibody solution is stable 
for about 12 h ai +4'C 

Q Pour off the blocking solution and incu- 
bate the membrane for 30 min in the 
antibody solution prepared in step 4. 

O Discard the antibody solution. Gently 
wash the membrane twice 1 5 rnin per 
wash,jn washing buffer 
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0 Pour off wishing buffer and equilibrate 
the membrane in detection buffer for 
two min. Dilute CSPD* or CDP-Star™ 
1 : 100 in detection buffer. It is important 
that the filter is kept wet before the 
chemiluminesccnt substrate is applied. If 
the membrane is even slightly dry, high 
background can occur. 

© There arc two methodj of applying the 
diluted substrate. The single-filter meth- 
od should be used when DNA is to be 
visualized on a single membrane. The 
filter-batching method is recommended 
for multiple membranes but may also be 
used when visualization is performed on 
a single membrane. 

Smglt' filter method 

a. Place the membrane between two sheets 
of acetate (plastic page protectors). 
Gendy lift the top sheet of plastic and, 
with a sterile pi pet, add approximately 
0.5 ml (per 100 cm 1 ) of the chemilumi- 
ncsccnt substrate on top of the mem- 
brane, scattering the drops over the sur- 
face of the membrane. Lower the top 
sheet of plastic. With a damp tab tissue 
gently wipe the top sheet to remove any 
bubbles present under the sheet and to 
create a liquid seal around the mem- 
brane. Incubate filter for 5 min. Proceed 
to step 9. 

Filter-batcbing method 

a. Pipette 5-10 ml of diluted CSPD* or 
CDP-Star™ into the center of sterile 
dish. Using blunt-end forceps, place the 
membrane in the dish. Tilt the dish until 
the membrane is thoroughly saturated. 

b. incubate filter for 5 min. Remove the 
membrane from the substrate, and allow 
any excess liquid to drip off. Do not 
allow the membrane to dry. 

c. Cover the damp membrane by placing it 
between two clear acetate sheets or page 
protectors. 

d. Wipe the top sheet with a damp lab 
tissue to remove any bubbles present 
between the sheet and the membrane. 

e. Repeat the filter-batching method until 
the chemilumintscent substrate has 
been applied to all membranes. To pre- 
vent the membrane from drying out, 
avoid repeated exposure to air. After 
treating the final membrane, proceed to 
step 9. 


O Seal the semi-dry membranes in a plastic 
bag. 

© Far the briefest exposure to X-ray film, 
the alkaline phosphatase chemilumines- 
cent reaction must be at a steady state. 
At room temperature, 7-8 h are required 
to reach a steady state reaction. Once • 
steady state is reached, single-copy gene 
detection on a human genomic blot can 
be obtained with an approximate expo- 
sure time of 15 min. If the membrane 
is exposed before the steady state is 
reached, approximately 60 min of expo- 
sure is required for single-copy gene 
detection on a human genomic blot. 
Therefore, to shorten exposure times, 
we recommend incubation of the 
membrane for 15 min at +37'C before 
exposure to X-ray film. 
Note: Because CDP-Star™ show higher 
initial signals, this incubation step is 
neither necessary, nor recommended 
when CDP-Star™ is used. 

© For detection of the chemilumincsccnt 
signal, the membrane is exposed to 
Lumi-Film (Boehringer Mannheim) or 
standard X-ray film. Multiple exposures 
from a single blot can be obtained for 
up to 2 days after the addition of the 
chemilumincsccnt substrate. As starting 
point for the exposure time we recom- 
mend 15-20 min (CSPD») or 1 min 
(CDP-Star™). Adjust the exposure time 
to the signal strength. 
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Procedure 

Perform all incubations at room tempera* 
turc. 

O After hybridization and post-hybridi- 
zation wajhes, equilibrate the membrane 
in washing buffer for 1 min. 

® Using a freshly washed diih or bag, block 
the membrane by gently agitating it in 
blocking solution for 30-60 min. Near 
the end of the blocking period, prepare 
the antibody solution as described in 
step 3. 

Longer blocking times are also accept- 
able. 


| Name in procedure 

Description 

Available as 1 

AnU-DlooxIgenln-AP* 750 units/ml Antl-DlQOxloenin, Fab fragments 
con]ug«ed to alkaline phosphatase 

• Vial 8. DIG DMA labeling and "election Kit 

• Vltl 3. DIG Nucleic Acid Detection Kit 

• Antl-DlDOxIgenln-AP, Fab fragments {Cat. No. 1 093 274) 

NBT solution 

75 mo/ml nltrobluo tetrazollum aali In 70% (v/v) 
dlmetnylfoimainlde 

• Vial 9. DIG 0NA labeling and Detection Kit 

• vial 4, DIG Nucleic Acid Detection Kit 

•NET [Cat. No. 1383213 (sold as 100 mg/ml; dilute prior to use)] 


50 mg/ml 5-bromo-4-chloro-3*lndoJy» phosphate • Vial 9, DIG DNA labeling and Detection Kit 
(BCIP), toJuidinium salt In . vie) 4, OtG Nucleic Actd Detection Kit 

100* dlmethylformamlde • BCIP (Cat. No. 1 363 221) 


Colorlmetric Detection with NBT 
and BCIP 

With the DIG Synem, detection can be 
performed with the coloritnetric detection 
reagents NBT and BCIP (X- Phosphate). 

Products required 

Products and solutions required for col- 
orimetric detection are listed below. The 
colorimetric reagents are available sepa- 
rately, in the DIG DNA Labeling and 
Detection Kit (Cat. No. 1 093 657), or in the 
DIG Nucleic Acid Detection Kit (Cat. No. 


Additionally required solutions 

Except TE buffer, all of the following re- 
quired solutions are available in a ready* 
to-use form in the DIG Wash and Block 
Buffer Set (Cat. No. 1 585 762). Bottle num- 
bers for this set are indicated in paren- 
theses. Alternatively, they can be prepared 
from separate reagents according to proce- 
dures described in Appendix B. ▼ 


For sufficient blocking, there must be 
ample room in the big or dish to allow 
for unrestricted shaking of the mem- 
brane. If you are using more than one 
membrane, add enough solution to cov- 
er all membranes. 


'tiota: Small antibody aggragataa 
In tha AnthOlgoxlganln-AP may 
load to background In tha detec- 
tion tt la therefore racommandad 
to centrifuge tha vial with anti- 
body conjugata for 5 min at 
13,000 rpm, baton tha first use. 
Attar tha tint u$a tt it autticiaat 
to cantritgga tha AnthDIgoxIge- 
nin-AP tor 1 min, directly baton 
dilution. 


1 Additionally required reagent 

Description I 

Washing buffer (Bottle 1; 
dilute 1:10 with H,0) 

100 mM malelc acid. 1 50 mM NaCI; pH 7.5 (+20*O; 0.3% (v/v) Tween* 20 

Mililc acid buffer (Bottle 2; 
dilute 1:10 wIlhHjO} 

100 mM malelc ecld, 150 mM Nad; pH 7.5 (+20*C) 

Slocking aoluUon (Bottle 3; 
dilute 1:10 with 1 1 Ma late 
acid buffer) 

1 % (w/v) Blocking reagent (or nucleic acid hybridization dissolved In Malelc acid buffer. 
Stocking solution (a cloudy and ittould not ba filtered, tt Is stable for at least two weeks 
when stored at *4"C, but must then be brought to room tompeietura before use. 

Detection buffer (Bottle 4; 
dilute 1:10 wHh H,0) 

100 mM Trle-HCJ, 1 00 mM NaCI; pH B.5 (+20* C) 

TE buffer 

1 0 mM Tri s. 1 mM EDTA; pH 8.0 (+20* C) 


(for RNA probes only) 


SleiHe. distilled water treated with 0. IS dimethylpyrocarbonate (see page 84) 
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O Dilute the Anti-Digoxigenin-AP 1 : 5,000 
(after centrifugation) in blocking buffer 
for a working concentration of I SO mU/ 
ml. Mix gently by inversion. For exam- 
ple, add 6 pi And -Digoxigenin- AP to 
30 ml blocking solution, and mix. 
This working antibody solution is stable 
for about 12 h at +4*C. 

O Pour off the blocking solution, and incu- 
bate the membrane for 30 min in the 
antibody solution prepared in step 3. If a 
bag is used, remove all targe air bubbles 
that may be present in the bag. If a tray 
is used, agitate the tray gently to ensure 
that the membrane is always covered. 

O Discard the antibody solution. Wash 
twice, 15 min per wash, in 100 ml wash- 
ing buffer. These washes remove un- 
bound antibody. 

O Mix 45 pi NBT solution and 35 pi BCIP 
solution in 10 ml of detection buffer. 
This freshly prepared color substrate 
solution will be used in step 8. Protect 
from direct light before use. 

0 Equilibrate the membrane in 20 ml de- 
tection buffer for 2 min. 

O Pour off the detection buffer, and add 
approximately 10 ml color substrate 
solution to the membrane. Incubate the 
membrane in a sealed plastic bag or box 
in the dark. Do not shake the container 
while the color is developing. 
The membrane can be exposed to light' 
for short periods to monitor the color 
development. The color precipitate starts 
to form within a few min, and the reac- 
tion is usually complete after 12 h. Do 
not shake, 

O Once the desired spots or bands are 
detected, wash the membrane with H 2 0 
to prevent over-development. If the 
membrane is to be reused, use sterile 
HjO or a sterile buffer (e.g., TE buffer) 
to stop the development. 

Results can be documented by photocopy- 
ing the wet filter or by photography. Pho- 
tocopying onto overhead transparencies 
allows for densitometric scanning; to do 
this, the color reaction can be interrupted 
for a short time and continued afterwards. 

The membrane can also be dried at room 
temperature, and then stored, although the 
color fades upon drying. To revitalize the 
color, wet the membrane in TE buffer. If 
the membrane is to be reprobed, do not 
allow the membrane to dry. 

Alternatively, store the membrane in a 
sealed plastic bag containing TE buffer. In 
this case, the color remains unchanged. 


Multicolor Detection 

Detection of digoxigenin-, biotin-, and 
fluorescein- labeled nucleic acids can be 
performed with successive enzyme immu- 
noassays that yield three different colors. 

The multiple-labeling and multicolor de- 
tection scheme allows discrete nucleic acid 
sequences to be detected with differently 
colored hybridization signals on the same 
blot. Nucleic acid probes labeled with 
digoxigenin, fluorescein, or biotin are hy- 
bridized simultaneously to immobilized 
target nucleic acids. The labels are detected 
by alkaline phosphatase conjugates (Anti- 
Digoxigenin-alkaline phosphatase, Anti- 
Fluorescetn-aJkaline phosphatase, or Strep- 
tavidin- alkaline phosphatase) and three 
different naphthol-AS-phosphate/diazo- 
nium salt combinations as substrates for 
alkaline phosphatase. The detection reac- 
tions are carried out consecutively, with a 
heat/EDTA treatment bcrween each to in- 
activate the formerly bound alkaline phos- 
phatase. The resulting hybridization sig- 
nals are green, red, or blue for targets that 
have homology to only one probe. If the 
target DNA or RNA fragment is homolo- 
gous to more than one of the probes, the 
resulting signal is a mixed color. 

This method is of advantage in all applica- 
tions where different hybrids are to be de-' 
tected on the same blot or specimen. Use- 
ful applications include genomic Southern 
biots of lower eukaryotcs, plasmid map- 
ping, northern blots comparing the abun- 
dance of different mRNAs, and colony and 
plaque hybridizations. 

Multicolor detection allows 0.3 pg of 
homologous DNA to be detected within 
2h; this sensitivity is satisfactory for 
single-copy gene detection in genomic 
blots of lower eukiryotes like yeast or 
DrosophiL, but can sometimes be insuf- 
ficient for genomic blots of mammalian 
DNA. When greater sensitivity is required, 
use the colorimetric BCIP/NBT substrate 
or the chemiluminescent substrates CSPD* 
or CDP-Star TW . 
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Products required 

Products and solutions required for multi- 
color detection are listed below. Refer to 
Appendix B for details on preparing the 
additionally required solutions. T 


1 Name In procedure 

Description 

Available as J 

AnU-Olgoilgenln-AP 

Anfl-Dlgoxlganln, Fab fragments conjugated to alkaline 
phosphatase 

• Vial 8. DIG OKA Labeling and Detection Kft 

• Vial 3, DIG Nucleic Add Detect on Kit 

• AMJ-Dlgoxlgenln-AP. Fab fragments 
(Cat. No. 1093274) 

Antl-FJuoreaceln-AP 

Antf-Fluorescem, Fib fragments conjugated to alkaline 
phosphatase 

• Anll-Ftuoreacein-AP, Fab fragments 
(Cat. No. 1426388) 

StrspUvldln-AP 

Slreptavidin conjugated to alkaline phosphatase 

• Streptavfdln-AP (Cat. No. 1 093266) 

Multkolor Defection S«t 

Alkaline phosphatase substrate tablets for 3 x 50 detection 
reactions (lor the detection of 60 biota of 1 0 x 1 o cm 1 with 
three colors) 
The set contains: 

• "Green " AP substrate tablets; 50 tablets, each containing 

2 mg of naphlhol-AS-Gr-phosphate and 3.5 mg of Fast Blue 6 

• 'Red' AP substrate tablets; 50 tablets, each containing 

2 mg of raphthol-AS-phoapnite and 1 mg of Fast Red TP. 

• 'Blue" AP substrate tablets; 50 tebieta. each containing 

2 mg of naphthol-AS-phosphate ami 3.5 mg of Fast Blue B 

• Multicolor Detection Set (Cat No. 1 465341) 

Blocking Reagent 

Blocking reagent for nucleic ectd hybridization 

• Blocking Reagent (Cat. No. 1 096 1 76) 


Additionally required solutions 

In addition, you will need the foi loving 

solutions. See Appendix B for solution 

preparation. 


Additionally required reagent 


50 mM EDTA, pH 6.0 


Malelo add buffer 
Washing buffer 


0.1 M maleic acid, 0.15 M NaCI; pH 7.5 (+20'C); adjusted with solid or concentrate NaOH. autodavod 
100 mM maleic eckl, 150 mM Nad; pH 7.5 (+2Q'C); 3% fy/y) Tween* 20 

10 mM Trie, 1 mM EDTA; pH 8.0 (-20' Q ~~ " ~ 


Blocking reagent stock solution 


Blocking Miction for DIB- and 
fluorescein -labeled probes 


Blocking eoluUon for 
blotin-iatwled probe* 


Blocking reagent tor nucleic acid hybridization dissolved In Maleic acid buffer to a final concentration 
of 10% (w/v); afterwards the solution Is autoc lavod and stored al +4*C or -20* C 
Sterile Blocking reagen! stock solution diluted 1:10 m Maleic add buffer 
(llnal concentration ■ 1% Blocking Reagent) 


Sterile Blocking reagent stock solution diluted 1 :2 In Maleic add buffer 
(final concentration ■ 5% Blocking Reagent) 


Antibody solutions 


Anu'-OiOMlgenin-alkaJIne phosphatase, Anfl-Fluoreaceln-aikatine phosphatase or 
Streptavidln-Blkaline phosphatase, each ISO muVml m the appropriate blocking solution 


Color substrate working solutions 
(freshly dissolve In Oetectlon 
buffer) 


O.IMTrls-HCI. pH 9.5 (+20-C); 0.1 M NaCI 


Prepare fresh working solution each day. Dissolve one tablet In 10 ml Oetectlon butler while stirring al 
room temperature. The -fled" and 'Blue' tablets dissolve completely within a few minutes. The 'Green- 
tablets do not dissolve completely, but this does not Influence the reautta. 
Note: We recommend that gloves be worn when handling the color substrate solutions 
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Labeling with Fluorescein or Blotln 
As with DIG labeling, nucleic acid probes 
cm be labeled with fluorescein or biotin 
by random -primed DNA labeling, DNA 
amplification by PCR, in vitro RNA tran- 
scription, or oligonucleotide end-labeling 
or tailing. The labels can also be introduced 
into oligonucleotides via chemical synthe- 
sis. Fluorescein- and biotin-labeled probes 
are most conveniently prepared with the 
High Prime Fluorescein DNA Labeling 
Mix (Cat. No. 1 585 622) and High Prime 
Biotin DNA Labeling Mix (Cat. No. 
1585649). Fluorescein- 12-dUTP and Bio- 
tin- 16-dUTP are also available as single 
reagents, and can replace DIG-1 1-dUTP in 
the DIG Kit protocols. Labeling protocols 
for these nucleotide analogs are given in 
the respective pack Inserts. The labeling 
reactions can also be carried out without 
kits using single reagents; a listing of the 
single reagents for nonradioactive labeling 
is given in Appendix C. 

Hybridization 

The differently labeled probes can be hy- 
bridized simultaneously to a blot or in situ 
to homologous sequences according to the 
protocols given for hybridization of DIG- 
labeled probes. 


Flfiun 14: Prindpls of Multicolor 
Detection S«L 


It is especially important that the probe 
concentration for hybridization be opti- 
mized for all three probes. We strongly 
recommend a mock hybridization on a 
naked piece of membrane or a dot blot for 
this evaluation. A protocol for this is given 
on page 42. 

If multiple (multicolor) detections are per- 
formed on the same membrane, the hybrids 
must be fixed to the membrane after the 
stringency washes (but before detection). 
This is necessary because heat treatment is 
used to inactivate the alkaline phosphatase 
between detections. To crosslink the hy- 
brids, expose the membrane to UV light for 
3 min at 254 nm. If only one label and one 
color has been used, fixation of the hybrids 
is not necessary. 

Multicolor Oetection 

Detection of the different labels is per- 
formed by binding the respective antibody- 
or strep tavid in-alkaline phosphatase con- 
jugate. A different combination of naph- 
thol-phosphate and diazonium salt is used 
to yield a different color for each conjugate 
(green, blue, or red). 

The detection reactions are performed con- 
secutively, with heat-inactivation of the al- 
kaline phosphatase between the detections. 
As stated above, hybrids must be stabilized 
by UV-cr oss linking (3 min at 254 nm) if 
different libels are delected consecutively. 


probe 1 


probe 2 


probe 3 



3. antl-Fluos-AP 
Fluoe / + naph-AS-P/Fa*t Blue B 
BLUE 


ln*cttv«tton ti ll*C 

2. •treptavldln-AP 
♦ naph-AS-P/Faet Red TR 
RED 

/ a* iRKttvttion *t arc 
1. onti-DIG-AP 

4 naph-AS-GR-P/Fast Blue B 
GREEN 


simultaneous 
hybridization 


detection of hybrids 
multicolor "rainbow" 
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The following procedure describes triple 
detection; orders of detection and colors 
may be changed according to individual re- 
quirements. 

All incubations are performed at room 
temperature and, except for the color reac- 
tion, with shaking or mixing. The volumes 
of the solutions are calculated for a mem- 
brane sire of 100 cm 1 , and should be ad- 
justed to fit other membrane sizes. Block- 
- ing and equilibration steps may proceed 
for longer periods if more convenient. 

Detection of 0)6- or Fluoroscoln-labeled 
Hybrids 

Procedure 

O If muhicoior detection is to be per- 
formed, fix hybrids by UV exposure 
(3 min at 254 nm) or baking. This should 
be performed after hybridization and 
stringency washes. 

© Wash the membrane briefly in washing 
buffer. 

O Incubate for at least 30 min with about 
]00 m! of blocking solution for DIG- 
and Fluorescein-labcled probes (1% 
[w/vD. 

O Dilute the Anti-Digoxigenin-alkaline 
phosphatase or Anti-Fluorcsccin-alka- 
linc phosphatase 1:5,000 in blocking 
solution for DIG- and fluorescein- la- 
beled probes (final concentration, 150 
mU/ml). 

These diluted antibody-conjugate solu- 
tions arc stable for about 12 h at +4*C 

© Incubate the membrane for 30 min in 
about 20 ml of the diluted antibody 
conjugate solution prepared in step 4. 

©Wash twice, 15 min per wash, with 
100 ml of washing buffer. 
These washes remove unbound anti- 
body conjugate. 

© Equilibrate the membrane for at least 
2 min in 20 ml detection buffer. 

©Dissolve one substrate tablet in 10 ml 
detection buffer. Incubate the membrane 
with 10 ml of one of the color substrate 
solutions (freshly prepared) for about 
45 min, then replace with fresh color 
substrate solution if necessary. 
The colored precipitate begins to form 
within a few minutes and can be allowed 
to proceed for up to 2 h (until the de- 
sired signal intensity is obtained). 

© Inacuvate the alkaline phosphatase as 
described below or stop the final color 
reaction by washing the membrane with 
TE buffer. 


Alkaline Phosphatase Inactivation 
(to be performed between any two 
detections) 

O Wash the membrane briefly in TE buffer. 
© Incubate the membrane for at least 

10 min at +85'C in EDTA. 
© Wash the membrane twice for 5 min in 

Washing buffer. 

This wash removes the EDTA. 
O Proceed to the next deteciion procedure. 

Detection of Blotln-tabeled Hybrids 
©If multicolor detection is to be per- 
formed, fix hybrids by UV exposure 
(3 min at 254 nm) or baking. This should 
be performed after hybridization and 
stringency washes. 
© Wash the membrane briefly in washing 
buffer. 

© Incubate the membrane for at least 
30 min in about 100 ml blocking so- 
lution for biotin-labeled probes (5% 
[w/vj). 

© Dilute Streptavidin-AP 1 : 5000 in block- 
ing solution for biotin-labeled probes 
(final concentration, 150 mU/ml). 

© Incubate the membrane for 30 min in 
about 20 ml diluted strep tavid in- con- 
jugate solution prepared in step 4. Di- 
luted streptavidtn-conjugate solutions 
are stable for about 1 2 h st +4' C. 

©Wash twice, for 15 min per wash, in 
100 ml of washing buffer. 
These washes remove unbound conju- 
gate. 

©Equilibrate the membrane for at least 
2 min in 20 ml detection buffer. 

©Dissolve one tablet in 10 ml detection 
buffer. Incubate the membrane with 
10 ml freshly prepared color substrate 
solution for about 45 min, then replace 
with fresh color substrate solution if 
necessary. 

The colored precipitate begins to form 
within a few minutes and can be allowed 
to proceed for up to 2 h (until the de- 
sired signal intensity is obtained), 
©Inactivate the alkaline phosphatase as 
described above or stop the final color 
reaction by wishing the membrane with 
TE buffer. 

Results can be documented by photo- 
graphy. The colors do not fade when the 
membranes are dried and stored at room 
temperature. 
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Stripping and Reprobing of Membranes 
Membranes can only be reused if only one 
label and color has been used and if the 
hybrids have not been UV-crosslinked or 
baked. Do not allow the membrane to dry 
out if it is to be rep robed. 

Removal of color precipitate 

The color precipitate can be removed by 
wajhing the membrane with ethanol (red: 
room temperature; blue and green: +50* to 
65" Q put the membrane and ethanol in a 
sealed plastic bag in a hybridization oven 
or waterbaih). Replace the solution from 
time to time until the precipitate is com- 
pletely dissolves. 


Removal of the probe 

O Thoroughly rinse the membrane in 
water. 

© Incubate twice for 20 mm in 0.2 M 
NaOH, 0.1% (w/v) SDS at + 37* C. 

O Rinse the membrane in 2 x SSC. The 
membrane may now be dried or used 
directly for hybridization. Alternative- 
ly, any established procedure for remov- 
ing hybridized probes (e.g., heating in 
SDS buffer or formamide-comaining 
buffers at neutral pH) can be used. 

Reference 

1. Hollke. H. J., Ertl. I , Flnken. M..West, S. and 
Kuni, W. (1992) "Multiple Nucleic Acid Labeling 
and Rainbow Detection.' Anal. Blochem. 207. 
24-31. 


Stripping Membranes for Reprobing 

Stripping of blots chat have been detected 
colon metrically is only possible when 
nylon membranes were used for blotting. 
The color precipitate has to be removed by 
incubation in dimethylformamide (DMF) 
and nitrocellulose is dissolved under such 
conditions. 

The luminescent signal can be easily re- 
moved by a short wash of the filter in 
water. 

For the subsequent removal of probe there 
are several procedures. With the proce- 
dures described below we have achieved 
good results. 

Note: When * membrane is to be reby~ 
• bridized the membrane should be kept wet 
at all ttages between hybridization and 
probe removal 
T 

Required solutions 


1 Additionally required reagent 

Description 1 

Dlmethyllormamlde 

100% ACS artda H,N-rftmethyttormimJde (0MF) 


Sterile, distilled water 

Alkaline probe -i tripping solution 

0.2 NaOH, 0.1% SDS 

2 1 SSC buffer 

300 mM NaO. 30 mM sodium citrate 

: i ESC/0.1% SDS 

300 mM Nad, 30 mM sodhim citrate, 0.1% (w/r) SOS 

Northern probe -stripping solution 

50% formsmide; 50 mM Tfls-HCI. pH 8; 1 % (w/v) SOS 

DMPC- treated H|0 

Sterile, distilled water treated with 0.1% dlmfltrtytpyrocartionete 
(tee page 84) 
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Procedure for removing the 
color precipitate 

O Using a water bath, heat a large glass 
beaker of dimcthylformamide to + 50- 
60 B C 

Caution: Dimethylformamide is volatile 
and flammable. Keep away from sparks 
and open flames. Work in a fume hood. 
The flash point of dimethylformamide 
is at +67*C. 
© Incubate the membranes in the heated 
dimethylformamide until the blue color 
has been removed. 

Changing the dimethylformamide solu- 
tion frequently will increase the speed 
of decolorization. 
©Rinse the membranes thoroughly in 
H,0. 

O Proceed to probe removal. 

Caution: Do not allow the membrane to 
dry prior to probe removal 

Procedure for removing the 
chcmilumincsccnt substrate 

O Wash the membrane in HjO for 1 min. 
© Proceed to probe removal. 

Caution: Do not allow the membrane to 

dry prior to probe removal. 

Procedure for removing the probe 
from Southern, DNA dot, and 
colony/plaque hybridizations 

O Wash the membranes in H2O for 1 min. 

© Incubate the membranes twice for 
10 min Alkaline probe-stripping solu- 
tion at +37* C. This incubation removes 
the alkali-labile DIG-labeled probe. 

O Rinse the membranes thoroughly in 2 x 

ssc 

O Commence reprobing with the prehy- 
bridization step of the desired hybridi- 
zation procedure. 


Procedures for removing the probe 
from Northern blots 

Note: Due to the stability of RNA-RNA 
hybrids, stripping of Northern blots is not 
always successful We offer you here 2 meth- 
ods thai have proven to be successful in 
some cases. However, always take possible 
problems with stripping into considera- 
tion^ when multiple hybridizations to the 
same RNA are intended. 

Method 1 

OHeai 100 ml of 0.1% SDS in a 500 ml 
beaker. 

©Shortly before the SDS-solution starts 
to boil, transfer the membrane to a clean 
tray. 

© Pour the boiling SDS-solution over the 
membrane. 

O Incubate for 10 min on a rocking plat- 
form (i.e. without further heating). 

©Wash for 5 min in Washing buffer at 
room temperature. 

O Proceed to the prehybridization. 

Method 11 

O Rinse the membrane thoroughly in ste- 
rile H,0. 

© Incubate the membrane twice, 30 min 
per incubation, in Northern probe-strip- 
ping solution at +68°C. 

O Rinse the membrane, first in water, then 
in 2 x SSC. 

© Commence reprobing with the prehy- 
bridization step of the desired hybridi- 
zation procedure. 


Note: 

► After stripping, siart with the prehy- 
bridization or store the filter wet in 2 x 
SSC in 1 sealed plastic bag. 

► Prewarm the stripping solution to the 
appropriate incubation temperature. 

► For incubation, use a shaking waterbath 
or a hybridization oven. 
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Figure IS: Partial sequence of pUC 
1 8, obtained by DIG cycle sequenc- 
ing ol i PCR product, otrtatnw with 
(a) unlabeled PCfi primers and DIG- 
labeled sequencing primeri of the 
same sequence or (b) DIG -labeled 
PCfl primers end DlG-labeled 
sequencing primeri of tfie umi 
sequence. 


Besides the in this User's Guide presented 
applications for filter hybridization, Boeh- 
ringer Mannheim offers a growing range of 
reagents for nonradioactive analysis. Kits 
and reagents are offered for 

► nonradioactive in situ hybridization 

► reporter gene assays 

► protein labeling and detection 

► cell proliferation/cell death assays. 

Here we present 3 applications that are 
directly related to the analysis of nucleic 
acids; sequencing, gel shift assays and in 
vitro translation. The individual hits come 
with a detailed protocol. For additional in- 
formation please contact your local repre- 
sentative. 


Nonradioactive Sequencing 

Products offered for this application 
{see Appendix C, page 88 for a complete 
listing) T 


Principle 

A sequencing primer*, 5*-end labeled with 
digoxigenin, is hybridized to the sequence 
template. The primer-template hybrid U 
divided over 4 cubes, each containing a 
termination mix for one of the the four dif- 
ferent bases. In a one step reaction (stand- 
ard sequencing) or in a cyclic reaction 
(cycle sequencing) the primer is elongated 
by Taq DNA Polymerase. Incorporation 
of a dideoxynucleotide leads to the termi- 
nation of the elongation reaction. 

The terminated sequencing products are 
then separated on a denaturing polyacryl- 
amidc gel. To enable visualization of the 
DIG-moietics, present at the 5'-end of 
every' elongated strand, the products must 
now be transferred to a nylon membrane. 
This is most conveniently performed by a 
20 min contact blot procedure or by vacu- 
um blotting. Alternatively, the sequence 
products can be transferred directly to the 
membrane by Direct Blotting Electropho- 
resis (DBE), using an appropriate device. 


1 Product 

Cat. No. 

Siie 1 

DIG Taq DNA Sequencing Kit for Standard and 

1448443 

1 kit (100 reactions) 

Cycit Sequencing"* 


Luminescent Detection Set (or DIG Sequencing 

1733915 

1 set {10.000 cm 1 membrane) 


The DIG system for sequencing double- 
and single-stranded DNA with Taq DNA 
Polymerase is based on the chain termina- 
tion principle of Sanger. 

Taq DNA Polymerase ir a highly proccs- 
sive 5'-3' DNA Polymerase that licks 3'-5* 
exonuclcasc and shows highest activity at 
temperatures around 75' C. Because of 
these properties, Taq DNA Polymerase is 
ideally suited for DNA sequencing, and 
the thermostability of the enzyme allows 
cycle sequencing when only low amounts 
of sequencing template are available. 

The primary advantage to sequencing at 
elevated temperatures is that premature 
termination sequence] are avoided. These 
troublesome stops are the result of excep- 
tional secondary structure, which is elimi- 
nated at higher temperatures. This, in com- 
bination with the use of 7-Deaia-dGTP, 
allows the sequencing and resolution of 
templates where other polymerases fail. 


Once the products have been transferred to 
a nylon membrane, detection is performed 
analogous to the procedures described in 
the "Detection "-section of this User's 
Guide. The membranes art generally very • 
large and it is recommended to use lower 
concentrations of chemiluminescent sub- 
strate for economical reasons. This would 
normally lead to longer exposure times, 
but when using the Luminescent Detection 
Set for DIG Sequencing (with CDP-Stax™ 
as substrate), visualization can still be 
accomplished within 15-30 min. A typical 
result is shown in figure 15. 


# ln Uib DIG Taq 0NA Sequencing KJ1 for Standard 
ano Cycle Sequencing a Mll/pUC sequencing and 
a M13/pUC reverse sequencing primer. 5' -digoxi- 
genin -labeled, are contained. Other primers are 
available (see appendix C. page 88) or can be 
synthesized by supplier* or custom-made ollgo- 
nuciaotldBs. 

"for complete license disclaimer, see Inside front 
cover. 
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Nonradioactive Gel Shift Assay 

Product offered for this application 


Product Cat. Ho. Size 


016 G.l Shin Kit 1 635352 1 kit tor 20 labeling reaction!, 200 eel shift reactions and 

detaction reagents tor 20 blots. Includes control DMA binding 
protein (0ct2A) and control oligonucleotide. 


The study of DNA-prorem interactions 
" has been significantly facilitated in recent 
years by the "gel retardation" or "gel mo- 
bility shift" assay. This rapid and simple 
technique is based on the separation of free 
DNA from DNA-protein complexes, due 
to the differences in their elecirophoretic 
mobilities in native (non-denaturing) poly- 
acrylamide or agarose gels. 

Principle 

DNA probes arc 3'-cnd labeled with ter- 
minal transferase and DIG-ddUTP using 
the reagents provided in the DIG Gel Shift 
Kit. The labeled DNA fragment, contain- 
ing the sequence of interest, is incubated 
with cell extract or (partly) purified DNA 
binding protein. The mixture is then trans- 
ferred onto a native polyacrylamide gel 
and submitted to gel electrophoresis. The 
separated fragments can be transferred to a 
nylon membrane by electroblotting, capil- 
lary transfer or contact blotting. 

Following blotting, the DIG-labeJed De- 
fragments are detected by an enryme 
immunoassay, described in detail in the 
"Detection" section of this Guide. Ami- 
Digoxigenin-alkaline phosphatase conju- 
gate and the chcmiluminesccm substrate 
CSPD are provided in this kit. 

A typical result is shown in Figure 16. 


1 2 3 4 5 8 



Figure 1 6: 010 6el Shift Assay with purified 0ct2A. 
The binding reactions were separated on a 12,5% 
native homogeneous polyacrylamide gel. Oligonu- 
cleotides were transferred onto a nylon membrane 
by eleetrobJot. The membrane was exposed to X-ray 
film for 30 mln at room temperature. Lane 1: DI8- 
labeled oligonucleotide (0.8 rig) containing 0ct2A- 
blndlng site, Lane 2: OIG-labeled oligonucleotide 
(30 fnoQ containing 0ct2A- binding site, Incubatad 
wrtn 50 ng of purified 0ct2A. Lanes 3-6: DIG-labeled 
oligonucleotide (30 fmol) containing 0ct2A-Mndfng 
site. Incubated with 50 ng of purified 0C12A, and 
with 25-. 62-. 125-. and 250-fold molar excess of 
unlabeled oligonucleotide, respectively. 
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Chapter 10 * Other Nonradioactive Molecular Biology Application 


Figure 17: Principle of Wotln in vitro 
translation and chemUumlnescent 
detection. T 


Nonradioactive in Wire Translation 

Product offered for this application 


Biotin to Wire Translation Kit 



Figure 18; Biotin In vitro translation. 
RHA. coding for different proteins 
wire translated with the Btotin 
in vitro Translation Kit. 2 ut per reac- 
tion ware leparated by SDS-PAGE 
ant) blotted onto a PVDF mtmbrana. 
The detection with Streptavldln-POD 
and lumlnol/lodphenot was recorded 
by exposure to X-ray film lor 1 rrdn. 
Lane 1: Control wltrttut RNA, 
Lane 2: -y-globufine. Line 3: Tlsew 
Plasminogen Activator (tPA), 
Lane 4: Transcription Factor CTF1, 
Lane 5: Luclftrase, Lane 6: Factor IX 


-106 
-BO 


15) 1 wt for 30 translation reactions 

The incorporation of biotin into proteins 
during in vitro translation is a nonradioac- 
tive alternative to using radiolabeled amino 
acids. Following translation, biotin-labeled 
proteins can be visualized in a blot format. 
Biotin-labeled translation products can 
also be modified and processed with canine 
pancreatic microsomes. 

Principle 

With the Biotin In Vitro Translation Kir, 
experimental RNA (cellular mRNA, viral 
RNA or in vitro transcribed RNA can be 
used) is translated into a biotin labeled 
protein, using a reticulocyte lysate. This 
lysate contains a charged lysine-tRNA, 
which is labeled with biotin at the e-amino 
group of lysine (see Figure 17). AH the 
required components for nonradioactive 
in vitro translation are provided in the kit 
in i p remixed and ready-to-use form 
(1 tube/1 reaction); only the RNA of inter- 
est, water, and in some cases additional 
salts have to be added. 

Aliquou of the biotin-labeled translation 
produces are electrophoretically separated 
on a SDS-polyacrylamide gel and electro- 
blotted onto a PVDF or nitrocellulose 
membrane. The biotin-labeled reaction 
products are subsequently detected with 
the 8M Chemiluminescence Western Blot- 
ting Kit (biottn/streptavidin), (Cat. No. 
1 559460), using a streptavid in -horseradish 
peroxidase conjugate and luminol/iod- 
phenol as substrate. The chemilumincscent 
signals are recorded by exposure to X-ray 
film for a few seconds up to 10 min. 

A typical reiult ti shown in Figure IS. 


1 2 3 4 5 6 
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Appendix A • DIG Kits 1 Contents 


DIG High Prime Labeling and Detection Starter Kit I 1 745 832 

(for color detection with NBT/BCIP) 


j Vial 

Description 

Function Cat. No. 

(if available separately) 

t 

one vial containing 50 pi DIG-High Prime; 5 x cone, 
labeling mixture containing optimal concentrations of 
random primers, nucleotides, DIG-dUTP (alkali-labile), 
Klenow enzyme and butter components 

used for the highly 
efficient random 
primed labeling 
of DMA 

1565606 

2 

one vial containing 20 pi Unlabeled Control DNA 
(200 pg/mt pBR32B DMA that has been Unearned 
with Bam HI] 

ONA template for 
control reaction 


3 

one vial containing 1 ml ONA dilution buffer 
(50 pg/ml herrinQ sperm ONA in to mM Trts-HCI. 
1mH EDTA; pH 8,0 {+25*C]) 

used to make dilutions 
of the labeled ONA for 
the estimation of the 
labeling efficiency 


4 

one vial containing 100 pi AMI-Dlgoxlgentn-AP 
conjugate (750 U/ml polyclonal sheep anti-tilgoxlgenin. 
Fab-fragments, conjugated to alkaline phosphatase) 

binds to Incorporeted 
dlgoxlgenln 

1 093 274 

5 

six vials, each containing t ml NBT/BCIP 50 x cone, 
stock solution (16.75 mg/mt nltrobtue tBtra:olium 
chloride and 9.4 mo/ml 5-bromo-4-chtwo-3*lndoryi- 
phosptiatB In 67* (v/v) dimethyl tormamide) 

precipitating chromogenlc 
substrata for alkaline 
phosphatase 

1 681451 

6 

4 bottles, each containing 100 ml Blocking Reagent 
10 x cone. 

blocks non-specific 
binding of probe and/or 
antibody to the membrane 

1096176 
(dry powder) 

7 

one vial containing 5 DIG Quantification Test Strips 

used for the quantification 
ot the yield of probe 
labeling 

1669956 

8 

one vial containing 5 DIG Control Test Strips 

uaed ei control for the 
quantification of the 
yield of probe labeling 

1669S66 
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DIG High Prime Labeling and Detection Starter Kit II 1 585 614 

(for chemiluminescent detection with CSPD®, ready to use) 


| Vial 

1 Description 

Function Cat. No. 

(if available separately) 

i 

one vial containing 50 pi DIG-HIgh Print; 5 x cone, 
labeling mixture containing optimal concentrations or 
random primers, nucleotides, DIG-dUTP (alkali-labile), 
Klenow enzyme and butler components 

used tor the highly 
efllclent random 
primed labeling 
of DNA 

1585 SOS 

2 

one vUl containing 20 pi Unlabeled Control ONA 
(200 ug/ml pBR32B DNA thai has been linearized 
with Bam HQ 

ONA template for 
control reaction 


3 

one viat containing 1 ml DNA dilution buffer 
(50 pg/ml herring sperm DNA In 10 mM Trls-Hd. 
1 mM E0TA;pH 8.0 1+ 25^0 

used to make dilutions 
or the libeled ONA tor 
trie estimation of the 
labeling efficiency 


4 

one vial containing 100 pi Antl-Olgoxtgenln-AP 
conjugate (750 U/ml polyclonal sheep anll-digwlgenln, 
Fab-fragments, conjugated to alkaline phosphatase) 

binds to Incorporated 
dlgoxlgenln 

1 093 274 

5 

one dropper bottle containing 50 ml CSPO* ready-to- 
use (0.25 mM disodium 3-(4-methoxyspiro(1,2- 
dloxetane*3.2'-(S , *chloro)tricycto (3.3.1.1 "J decani- 
4-Vt) phenyl phosphate) 

chemiluminescent 
substrata tor alkaline 
phosphatase 

1755633 

6 

4 bottles, each containing 100 ml Blocking Reagent 

10 x cone. 

blocks non-specific 
binding of probe and/or 
antibody to the membrane 

1095176 
(dry powder) 

7 

one vial containing S DIG Quantification Test Strips 

used for the Quantification 
of the yield of probe 
labeling 

1669958 

B 

one vial containing 5 DtO Control Test Strip* 

used as control tor the 
quantification of the 
yield of probe labeling 

1669956 

9 

one vial containing 1 ml NBT/BCIP 50 x cone, 
stock solution (18.75 mg/ml nltioblue letrazolfum 
chloride and 9.4 mpyml 5-orwno-4-cWofo-3-rndoly1- 
phosphate in 67% (v/v) dimethyl (orimmlde) 

precipitating chromogenlc 
substrate for alkailne 
phosphatase. Used in the 
Quantification ot the yield 
of probe labeling 

1 681 451 


Appendix A » DIG Kits' Contents 


DIG DNA Labeling and Detection Kit 


1093657 

| Via 

1 Description 

Function Cat. Ho. | 
(if available separately) 1 

i 

one vfaj containing 20 pi Unlabeled Control OKA 1 
(100 pg/ml mixture of p8R328 DMA digested separately 
with Eco Rt. Bgl\, and Hirt I. The separate digests are 
combined In a ratio of 2 ; 3 :3. Size* On basepatrs] of 
the 1 6 pBR32fl fragments are 4907, 2176, 1766. 1230, 
1033, 653. 517, 453, 394, 298, 298, 234. 234. 220, 
154, 154) in10mMTris-HCI,1 mM EDTA;pH8.0 

used u a control target 
in a Southern Blot 


2 

one vial containing 20 pi Unlabeled Control ONA 2 
(200 pg/ml pBR32B ONA that has been linearized 
with £ CO RI) 

used to practice labeling 
and to check labeling 
efficiency 


3 

one vial containing 1 ml DNA dilution buffer 
(50 yg/ml herring sperm ONA, In 10 mM Tris-HCI. 
1 mMEDTA; P H8.0 [+25*CJ) 

used to prepare dilutions 
of the labeled Control ONA 
(or experimental DNA) 


4 

one vial containing 50 pi Labeled Control ONA 
(digoxlgenln-labaied pBA326 ONA that has been random 
prime labeled according to the standard labeling . . 
procedure; trie total DNA concentration In thi vial * 
ia 20 pg/ml. but only 5 pg/ml of it Is DIG-iabeisd ONA.) 

used to estimate the 
yield of DlG-tabeled ONA 

156573a 

5 

one vial containing 50 pi Hexanuclsotttla Ml* 
(10 x) (62.5 Arte unlta/ml random heMnucleotides, 
500 mM Tris-HCI. 100 mM MgCl,. 1 mM Dilhio- 
erytfirttot [DTE], 2 mg/ml BSA; pH 7.2] 

contains hexamers and 
reaction buffer tor the 
labeling reaction 

1 277081 

6 

one vial containing SO pi dNTP labeling mliture 
(10 x) (1 mM dATP. 1 mM dCTP. 1 mM dGTP, 
0.65 mM oTTP, 0.35 mM elkall-lablle DIG-dUTP. 
pH 6.5) 

component of the 
labeling reaction 

1277065 

7 

one vial containing 25 pi Klenow enzyme, labeling 
grade (2 untis/pl ONA Polymerase 1 [Klenow 
enzyme, large fragment]) 

synthesizes DlG-tabeled 
ONA 

1006404 

8 

one vial containing 200 pi Antl-Oigoilgenln-AP 
(750 unlts/mf polyclonal sheep 
aml-digcxigenln Fab fragments, 
conjugated to alkaline phosphatase) 

binds to Incorporated 
dlgoxlgenln 

1093 274 

9 

two vials, each containing 1.25 ml NBT {75 mo/ml 
nltroblue tetrs2otium sail In 70% |vA] dlmethyf- 
tormamide) 

precipitating substrate 
used to locate alkaline 
phoaphBtaae-conjugated 
antl-DIG 

1 363 213 
(100 mg/ml; 
dilute prior 
to use) 

10 

two vials, each containing 0.9 ml BCIP 
solution (50 mg/ml 5-bromo-4-chloro-3-indolyl 
phosphate, tofuldinluro salt In 100% dimethyl- 
formamtde) 

precipitating substrate 
used to locate alkaline 
phoapha lase-conjugate d 
antl-DIG 

1363 221 

11 

two bottles, each containing 50 g Slocking Reagent . 
(Blocking reagent (or nucleic acid hybridization; 
white powder) 

blocks non&pecllic 
binding of probes 

1096176 
(50 g) 
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DIG DNA Labeling Kit 


1175033 

| Vial Description 

Function Cat. do. 1 
(if available separately) 1 

1 on( via! containing 20 p) Unlabeled Control DNA 1 
{100 pg/ml mixture of pBR326 DMA digested separately 
with £co Hi, ft?/), and MM 1. The separate digests are 
combined In a ratio of 2:3:3. Sizes [In basepatrs] ot 
the 16 PBR326 fragments ara 4907, 2176, 1766, 1230, 
1033, 653. 517, 453, 394, 298. 298, 234. 234, 220. 
154, 154} In 10 mH Tris-HCI, 1 mM EDTA; pH 6.0 

used as a control target 
in a Southern Blot 


2 one vial containing 20 pi Unlabeled Control DNA 2 
(200 pg/ml pBR328 DNA Uist has been Unearned 
with Ecom 

used to practice labeling 
and lo check labeling 
efficiency 


3 one vial containing 1 ml DNA dilution butter 
(50 pg/ml herring sperm ONA. in 10 mM Tris-HP. 
t mM EDTA; pHfl.O f+25*q) 

used to prepare dilutions 
of the Labeled Control ONA 
(or experimental ONA) 


4 one vial containing 50 pi Labeled Control DNA 

{digoxigenin-tabeled pBR328 DNA that has been radom 
prime labeled according to the standard labeling 
procedure; the total DNA concentration In the vial 
is 20 prj/ml. but only 5 pg/mi ot tt (a DIG- labeled DNA.) 

used to estimate the 
yield ot DIG -lab eled DNA 

1565738 

5 one vial containing 60 pi Hiianucleotidt Mix 
(10 x) {62.5 Ajh units/ml random hexamideottdes. 
500 mM Trls-HCI. 100 mM MgCI,. 1 mM Ollhlo- 
erythritol [DTE|. 2 mg/mf 8SA; pH 7.2) 

contains haxamers end 
reaction butler tor the 
labeling reaction 

1277081 

6 one vial containing 60 pi dNTP labeling mixture 
(10 it) (1 mM dATP. 1 mM dCTP, 1 mM dGTP. 0.65 mM 
dTTP. 0.35 mM alkali-labile DlG-dUTP, pH 6.5) 

component ot the 
labeling reaction 

1 277065 

7 one vial containing 40 pi Klanow enzyme, labeling 
grade (2 unlts/pl ONA Polymerase t [Klenow 
enzyme, large fragment]) 

synthesizes DIG-labeltd 
DNA 

1008404 

OIG Nucleic Acid Detection Kit 


1175041 

| Viol Description 

Function Cat. No. 1 
(if available separately) 1 

1 one rial containing 50 pi Labeled Control ONA 

(dlgoxigenln-labeled p8R328 DNA thai has been radom 
prime labeled according to the standard labeling 
procedure; the total DNA concentration In the vial 
Is 20 pg/mi, but only 5 ug/ml ot It Is OlG-labeied ONA.) 

used to estimate the 1 505 738 
yield of DIG-labelad DNA 
and used to practice detecting 
OIG-labeled DNA 

2 one vial containing 1 ml DNA dilution butler 
(50 pg/ml herring sperm ONA, in 10 mM Trls-HCI, 
1 mM EDTA; pH B.0l+25'CJ) 

used to prepare dilutions 
of the Labeled Control DNA 
(or experimental ONA) 


3 one vial containing 200 pi Antl-OlgoxIgenln-AP 
(750 units/ml polyclonal sheep antl-dlgoxlgertln. 
Fab fragments, contugated to alkaline phosphatase) 

binds to incorporated 
dlgoxlgenln 

1093 274 

4 two vials, each containing 1 ml NBT 

(75 mg/ml nitroblue tetrazollum salt in 70* (v/v] 
dlmemylformartiida) 

precipitating substrate 
used to locate alkaline 
phosphatase -conjugated 
anll-OlG 

1383 213 
(100 mg/ml; 
dilute prior 
to use) 

5 two vials, each containing 0.75 ml SCIP solution 
(50 mg/ml 5-bromo-4-criloro-3-lndo1yl phosphate, 
toiuidinium salt in )00% dlmethyflormamlde) 

precipitating subsbate 
used to locate alkaline 
phosphatase-conjuga tad 
anil- OIG 

1383 221 

6 two bottles, each containing 50 g Slocking Reagent 
(Blocking reagent tor nucleic acid hybridization; 
white powder) 

block nonspecific 
binding of probes 

1096176 
(50 g) 
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DIG RNA Labeling Kit 


1 175025 

j Vial 

1 Description 

Function 

(if available t 

Cat. No. 

;epaiaiely) 

1 

one vial containing 40 ul pSPTU DNA 

(0.25 mg/m!) 

ctortmc/rranscripbon vector, 
subclones era transcribed 
Into RNA probes by T7 
Of SP6RNA polymerise 


2 

one vial containing 40 til pSPT19 DNA 
(0.25 mg/ml) 

doning/lranscriptlon vector 
subclones are transcribed 
Into RNA probes by T7 
or SP6 RNA polymerase 


3 

ona vial containing 20 pi Control DNA 1 . pSPTIB-Neo 
(0.25 mg/ml pSPTl8-Neo ONA, cleaved with Pvu U) 

used to practice making RNA 
probes with T7 RNA poly- 
merase; results In DIG-lsbeled 
'antlsense* Neo transcripts 
760 bases in length 

4 

ona vial containing 20 pi Control DNA 2, pSPT19-Neo 
(0.25 mg/ml pSPT19-Neo ONA, cleaved with Pvu 11} 

used to practice making RNA 
-probes with SP6 RNA poly- 
merase: results In OIG-labeled 
"antlsense" Neo transcripts 
760 bases in length 

5 

one vial containing 100 pi Labeled Control RNA (10 pg 
of dlgoxlgentn-l&beled "entlsense" Neo RNA made 
with T7 RNA polymerase Irom 1 pg ot Control DNA 1 . 
Reaction products were phenol attracted, ettianol 
precipitated, and resuspendtd In 100 pi of OEPC- 
treated water. Template DNA Is (till present In the rial.) 

used to estimate the yield 
ot DIG-tabeled RNA end 
used tor hybridization with 
Unlabeled Control RNA 
(vial 6} 

1585746 

6 

one vial containing 20 pt Unlabeled Control RNA 
(200 pg/ml unlabeled Neo poly(A) -eense' RNA, 
in DEPC-tieated HjO. The Neo poly(A) RNA 
is approximately 1 ko In length.) 

target RNA used to practice 
RNA/RNA hybridizations; wher 
applied to a membrane, this 
RNA will hybridize with the 
Labeled Control RNA (vial 5} 

i 

7 

one vial containing 40 pi NTP libeling mixture 
(10 x) (10 mM ATP. 10 mM CTP. 10 mM GTP. 
6.5 mM UTP. 3.5 mM OIG-dUTP, in Tris-HCJ. 
pH 7.51+20'C]) 

component ol the 
labeling reaction 

1277274 

8 

one vial containing 40 til 10 1 transcription buffer 
(400 mM Trls-HCI, pK S.0; 60 mM MgD,; 100 mM 
dllWoervthriloI (DTE); 20 mM spermidine) 100 mM 
NaCI, 1 unit/ml RNase Inhibitor)} 

component of the 
labeling reaction 


0 

one vial containing 20 pi DNaat 1, RNaie-freo 

(10unila/pf} 

degrades DNA template 
after the labeling 
reaction 

776785 

10 

one vial containing 20 pi RNaee Inhibitor 

{20 units/pi) 

prevents the degradation 
of RNA during the 
labeling reaction 

799017 

11 

one vial containing 20 pi SPB RNA Polymeraae 

(20unlts/ul) 

aynlhesliesRNArroma 
DNA template 

610274 

12 

ona vial containing 20 pi T7 RNA Polymeraae 

(20 unltt/pl} 

eyntheslies RNA from a 
DNA template 

681767 
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DIG Oligonucleotide 3" -End Labeling Kit - 


1362372 

| Vial 

Description 

Function Cat. Ho. 1 
(K available seaarateiv) 1 

1 

one vial containing 100 ul 5 1 reaction buffer 
(1 M potassium cacodylate*. 125 mM Trls-HCI. 
1.25 mg/ml bovine serum albumin; pH 6.6 |+25*C]J 

optimized butter for 
terminal transferase 


2 

one vial containing 100 ul CoCl t solution 
(25 mM cobalt chloride) 

cof actor required for 
optimal terminal 
transferase activity 


3 

one vial containing 25 pi DIG-ddUTP 
jl mM dlgoxJgeiiln-ll-ddUTP |2*. 3" dldeoxy-uridine- 
5' -triphosphate 'coupled to dlgoxigenin via an 1 1 -atom 
spacer arm)) in redistilled water 

dlooxigenin-labeled nucleo- 
tide used for the addition of 
a single residue on id the 
3' end ol en oligonucleotide 

1363 905 

4 

one vial containing 25 pi terminal Transferase 

(50 unlta/ul. tn ZOO mM potassium cacodylate*. 
t mM EOTA, 2O0 mM Ka, 0.2 mg/ml bovine serum 
albumin; 50% [v/v] glycerol; pH 6.5 (+25'CT) 

catalyzes addition ol 
nucleotides lo tha 3' end 
ol an oligonucleotide 

220582 
(sold 
separately 
at25u7ul) 

5 

one vial containing 25 ul Control Oligonucleotide, 
Unlabeled {30-mar. 5*-p TTG GGT AAC GCC A6G GTT 
TTC CCA GTC ACG 0H-3'. homologous to the lacT 
region In pUC and M13 plasmids). 20 pmol/ml. 
in redistilled water 

used to practice labeling 
and to check labeling 
efficiency 


6 

one vial containing 100 ui Control Oligonucleotide, 
DlS-ddUTP-la bated (2.5 pmol/u); {sequence as tn 
vial 5] labeled with OIG-ddUTP under standard Kit 
assay reaction conditions) tn redistilled water 

used to estimate the yield of 
DlG-labeled oligonucleotide 
and used as a probe for 
Control DMA (Vial 7) 

1565754 

7 

one vial containing 20 ut Control ONA 

(0.25 mg/ml pUCIB ONA [supercotlad], in 10 mM 

Trls-HCI, 1 mM EOTA; pH 7.6 (+25*CJ) 

used as a hybridization 
target lor the Control Oligo- 
nirdeottdes (Vial 5 or 6) 

B85797 


8 one vial containing 50 ul Glycogen solution used as a carrier to Increase 901393 

(20 mg/ml glycogen solution) in redistilled water the recovery of oligonucleotide 
after the labeling reaction 


G one vial containing 1 ml ONA dilution buffer used to prepare dilutions of the 

(50 ug/ml harrlng sperm 0«A, In 10 mM Trls-HCI. DIG-dduTP-labeled Control 

1 mM EOTA; pH 8.0 [+25'CJ Oligonucleotide 

(or experimental oligonucleotide) 


'Potassium cacodylate Is toxic. Wear gloves when handling. Olscard as regulated lor toxic waste. 
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DIG Taq DNA Sequencing Kit for Standard and Cycle Sequencing" 1 449 443 


1 Vial 

Description 

Function 1 

i 

one vlii containing 40 pi Control DMA, double-ttnnded 
template pJasmld OKA. pUCiS DMA with 40 ul pUCi8 DNA, 
0.25 pg/pl in Tris-EDTA buffer (TE buffer); pH t 

template for control 
sequencing reaction 

2 

one vial contorting 25 pi Control DNA, single-stranded 
template DNA, M13mp18 DMA with 25 pi M13mp18 ssONA, 
0.2 P0A1I In TE butter pH 8 

template for control 
sequencing reaction 

3 

one vial containing 1 10 pi M13/pUC tequtnclng primer, 17-mer 
sequencing primer with the 5' -end labeled witti digoxiganin 
110 pi M13/pUC dlgoxigenin- labeled, 1 pmol/pl In water. 

primer lor sequencing 
reaction 

4 

one vial containing 1 10 pi M13/pUC ravarae sequencing primer, 
17-mer with the 5'-end labeled with dlgoxigenin reverse 
sequencing primer with 110 pi M13/pUC digoxtgenin-tabeled 
1 pntol/pl in water. 

primer for sequencing 
reaction 

5 

one vial containing 250 pi Reaction butter 

butler for the hybridization 
end chain elongation reaction 

6 

one vial containing 110 pi Taq DNA Polymerase DNA polymerase 
for the chain elongation reaction with 110 pi Taq DNA Polymerase, 
3 unlts/pt. 

component of the 
sequencing reaction 

7 

one vial containlnn. 220 pi Extension/termination mixture ddATP 
(with dGTP. green), mixture containing dATP, dCTP. dGTP, dTTP, 
and ddATP for termination reaction. 

nucleotide mli tor standard 
templates 

a 

one vial containing 220 pi Extenilon/terrninatlon mixture ddCTP 
(with dGTP, green), mixture containing CATP, dCTP, dGTP. dTTP, 
end ddCTP lor termination reaction. 

nucleotide mh tor standard 
templates 

9 

one vial containing 220 pi Extension/termination mixture ddOTP 
(with dGTP, green), mixture containing dATP, dCTP. dGTP, dTTP. 
and ddGTP for termination reaction. 

nucleotide mix tor standard 
templates 

10 

one vial containing 220 pi Extension/termination mixture ddTTP 
{with dGTP, green), mixture containing dATP. dCTP, dGTP. dTTP, 
and ddTTP tor termination reaction. 

nucleotide mix tor standard 
templates 

11 

one vial containing 220 pi Extension/termination mixture ddATP 
(with 7-Oeaia-dGTP, pink), mixture containing dATP, dCTP, 
7-Deaia-dGTP. dTTP. and ddATP lor termination reaction. 

nucleotide mix for 
GC-rlch temptttes 

12 

one vial containing 2?0 pi Extension/termination mixture ddCTP 
(with 7-Deaia-dGTP, pink), mixture containing dATP, dCTP, 
7-Deaza-dGTP, dTTP, end ddCTP for termination reaction. 

nucleotide mix tor 
GC-rlch templates 

13 

one vial containing 220 pi Extension/termination mixture ddGTP 
(with 7-Oeaza-dGTP, pink), mixture containing dATP, dCTP. 
7-Deaza-dGTP, dTTP, end ddGTP for termination reaction. 

nucleotide mix for 
GC-rich templates 

14 

one vial containing 220 pi Extension/termination mixture ddTTP 
(with 7-Deaza-dGTP, pink), mixture containing dATP. dCTP. 
7-Desza-dGTP, dTTP, and ddTTP tor termination reaction. 

nucleotide mix tor 
GC-rlch templites 


1 5 one vial containing 1 ml Formamlde butter solution stops the reaction 


"For complete license disclaimer, see Inside back cover. 


Appendix B • Preparation of Additionally Required 
Solutions and Buffers 


1. DNA/Southem Blotting and Hybridization 
Required Solutions and Butlers 

Depurination solution 
0.25 M HCI 

Denaturation solution 1 
. (for Southern transfer and plaque 
hybridization): 
0.5 N NaOH, 1.5 M NaCl 

Denaturation solution 2 

(for colony hybridization): 

0.5 N NaOH, 1.5 M NaCl, 0.1% SDS 

Neutralization solution 1 
p (for Southern transfer): 
0.5MTris-HCl,pH7.5 
3 M NaCl 

Neutralization solution 2 

(for colony and plaque hybridization): 

l.0MTris-HCI,pH7.5 

l.5MNaCI 

20 1 SSC stock solution 
3 M NaCl 

0.3 M sodium citrate 

pH 7.0 (+20" C), autoclavcd 

N-lauroylsarcosinc stock solution 
10%(w/v)in H,0 

filtered through a 0.2-0.-45 urn membrane 

SDS stock solution 
10% (w/v)in H,0 

filtered through i 0.2-0.45 urn membrane 

Blocking Reagent stock solution 
Blocking Reagent is dissolved in maleic acid 
buffer to a final concentration of 10% (w/v) 
with shaking and heating. Sec Detection 
section for detailed instructions. 


Standard hybridization buffer 

+ 50% formamide 

SxSSC 

50% formamide, dcionized 
0.1% sodium-lauroyliarcosinc 
0.02% SDS 
2% Blocking Reagent. 

High SDS concentration hybridization 

buffer 

7% SDS 

50% formamide, dcionized 9 
5 x SSC 

2% Blocking Reagent 

50 mM sodium-phosphate, pH 7.0 

0.1% N-lauroylsarcosine 

For preparation of 500 ml of high SDS hyb 
buffers from stock solutions, combine the 
substances in the following order 
100% formamide, deionized* 250 ml 
30 x SSC 83 ml 

1 M sodium-phosphate, pH 7.0 25 ml 
10% blocking solution 100 ml 

10% N-lauroylsarcosine 5 ml 

Pour the solution into an Erlenmeyer flask 
containing 35 g SDS (attention: wear respi- 
ratory protection). Heat the solution white 
stirring to dissolve the SDS, then fill up to 
500 ml with autoclavcd HjO. The solution 
can be stored at 20* C and reused after 
heating to +65* C. 

Probe stripping solution 
(for alkali-labile dUTP) 
0.2 N NaOH 
0.1% SDS 


Standard hybridization buffer 
SxSSC 

0.1% N-lauroylsarcosine 
0.02% SDS 

1% Blocking Reigent(from the 

10% Blocking Reagent stock solution) 
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2. RNA/Northern Blotting and Hybridization 
Required Solutions and Buffers 

DMPC-treated H,0 

Dissolve dimeihylpyrocarbonatc (DMPC; 
Dimcthyldicarbonatc, e.g. Sigma D5520 or 
Velcorin*) to 1% in a 50% cthanol/watcr 
mixture. Mix redist. H,0 1:10 with this 
solution (final concentration: 0. 1 % DMPC, 
incubate for 30 min at room temperature, 
then autoclave. 

Note: diethytpyrocarbonate (DEPC) can 
also be used to treat solutions. We prefer 
DMPC because it is less toxic than DEPC. 

RNA dilution buffer 

Mix HjO, 20 x SSC, and formaldehyde in 

the ratio of 5:3:2 respectively. The HjO 

and 20 x SSC should have been treated with 

dimcthylpyrocarbonate to destroy RNasc 

activity. 

RNA loading buffer 

Make up a fresh solution. 

250 pi formamide, deionized (ice page 85) 

83 pi formaldehyde 37% (w/v) 

50jj110xMOPS buffer 

0.01% (w/v) bromophcnol blue 

50 pi glycerol 

Fill up to 500 ul with DMPC-ircatcd HjO. 
10 x MOPS 

200 mM morpholinopropansulfonic acid 
50 mM todium acetate 
10 mM EDTA 
pH7.0. 

Make up in sterile HjO or autoclave. 
After autoclaving, the solution will turn 
yellow. 

Hybriditation buffers; see section 1. 

Northern probe stripping solution 

50% formamide 

50 mM Trij-HCI, P H 8.0 

l%(w/v)SDS. 

or 

DMPOHjO 
0.1% SDS (w/v) 


3. Detection Required Solutions and Butlers 

Maleic acid buffer 
0.1 M maleic acid 
0.15MNaCI 
pH 7.5 (+20*C) 

Adjust pH with concentrated or solid 
NaOH; autoclave. 

Washing buffer 

Add 0.3% (w/v) Twecn* 20 to Maleic acid 
buffer. 

Do not autoclave Washing buffer contain- 
ing Tween* 20. 

Maleic acid is available from Scrva (Cat. 
No. 28 337) and Sigma (Cat. No M 0375) 

Blocking Reagent stock solution 
Blocking Reagent is dissolved in Maleic 
acid buffer to final concentration of 10% 
(w/v) with stirring and heating cither on a 
stir plate or in an microwave oven. The 
Blocking reagent must be heated while it 
dissolves in the Maleic acid buffer. Boiling 
will cause the reagent to coagulate, so care 
should be taken to AVOID BOILING 
during this step. This will be > turbid solu- 
tion. 

O Add 10 g Blocking Reagent to 100 ml 
Maleic acid buffer. Place on stir plate 
and heat to 60* C for approximately 
I h or until completely in solution. If 
necessary, the temperature may be 
raised to get the last of the blocking 
reagent into solution. 

or 

Dissolve 10 g Blocking Reagent in 
100 ml Maleic acid buffer with several 
30 s heat pulses in the microwave 
(3 to 4 min total). 

Note: If Blocking Reagent doesn't go 
into solution, check pH of solution, 
adjust if necessary, and reapply to 
heat. 

© If necessary, treat with 0.1% DMPC (di- 
methyipyrocarbonate) to destroy RNa- 
scs. 

Q Autoclave the solution using a regular 
program, such as that used for the steri- 
lization of cell culture medium. 
Note: Blocking reagent must be com- 
pletely tn solution before autoclaving. 

O Store autoclavcd solution at room tem- 
perature (unopened), +4*C Or 20*C. 

O Check before each use for contamina- 
tion. 
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Blocking buffer 

Dilute Blocking Reagent stock solution 
J: 10 with Maleic acid buffer. 

Detection buffer 

100 mM Tris-HCl. pH 9.5 (+20 B C) 
100 mM NaCI 

TE buffer 
10 mM Tris-HCl 
t mM £DTA 
pH 8.0{+20"C) 

Color substrate solution 
(freshly prepared) 

45 ul NBT solution and 35 ul BCIP solu- 
tion arc added 10 10 ml Detection buffer. 

4. General Solution! and Buffers 

20 x SSC 
3 M NaCI 

300 mM sodium citrate, pH 7.0 

Washing solution 2 x 
2 x SSC 
0.I%SDS 

Washing solution 0.5 x 
0.5 x SSC 
0.1% SDS 

Washing solution 0.1 x 
0.1 x SSC 
0.1% SDS 

N-lauroyltarcosine 

10%(w/v) in sterile HjO 

filtered through a 0.2-0.45 p membrane 

SDS 

10% (w/v) in sterile H : 0 

filtered through a 0.2-0,45 urn membrane 

Formamide 

Deionization of formamide 

50 g ion exchange: AG 501 -X8 Resin {Bio- 

rad) 

500 ml formamide 

Stir 30 min slowly on a stirrer, then remove 
resin by filtration and store the dcionized 
formamide at 20*C. 
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DIG Nonradioactive Nucleic Acid Labeling and Detection System 

DNA Probe Labeling 


DIG High Prime Labeling mif Detection SUrter 
Kit 1 (1or color detection with N8T/BCIP) 

17«632 

12 labeling reactions and 24 blots 
(10 « 10 cm) 

DI6 High Prime Labeling and Defection Starter 
Kit II (lor chemilumlnescent detection with 
CSPD, ready to use) 

1505614 

1 2 labeling reactions and 24 blots 
(10 x10 cm) 

DIG High Prime 

1585606 

160 pi (40 reactions) 

DIG DNA Libeling and Detection Kit 

1093657 

25 labeling reactions and 50 blots 
(10 x10 cm) 

DIG DNA Lebeling Kit 

1175033 

40 labeling reactions 

DIG DNA Labeling Mixture 

1277065 

50 pi (25 reactions) 

DIG -Nick Trana la lion Mix 

1745B16 

160 yl (40 reactions) 

PCR DIG Probe Synthesis Kit 

1636090 

25 reactions 

Difloxigenin-11-duTP, alkali-labile 

157315! 
1573179 

25 nmol (25 pi) 
125nmol(125 pf) 

Dlgoxigenln-11-dUTP, alkali-liable 

1093086 
15 SB 706 
1570013 

25 nmol (25 pi) 
125 nmot (125 pi) 
5x125 nmol (5x125 pi) 

DIG -libeled control DNA 

• 1 585738 

50 pi 

DIG Quantification Teat* tripe 

1669958 

50 strips 

DIG Control Teetet/lps 

1669986 

25 strips 

Oligonucleotide Probe Labeling 



1 Product 

Cat. No. 

Site 

DIG Oligonucleotide 3'-End Lebeling Kit 

1362372 

25 reactions 

DIG Oligonucleotide Tailing Kit 

1417231 

25 reactions 

OIG Oligonucleotide S'-End Labeling Set 

1460663 

10 reactions 

Dlgoxigenin-ll-dlTTP, alkali-labile 

1573152 
1 573179 

25 nmot (25 ul) 
125 nmol (125 pi) 

Dlgoxigenln-H-dUTP, alkali-stable 

1093086 
1 553706 
1570013 

25 nmol (25 pi) 
125 nmol (125 pi) 
5x125 nmol (5X125 pi) 

Digoxiganln-ll-ddUTP 

1363905 

25 nmol (25 pi) 

Amlnollnker 

1685643 

100 mg 

Dlgoilgenln-3-0-melhy1-cjrbon|fi-e-arnino- 
caprolc acid-N-tiydroxyeticclnlmlde etter 
(DIG-NHS-seler) 

1 333054 

5mg 

DIG-3'-end labeled control oligonucleotide 

1 585754 

50 pi (125 pmol) 

AP -Oligonucleotide Labeling Kll 

1745859 

10 reactions (lor 20 nmol 


oligonucleotide each) 
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RNA Probe Labeling 


1 Product 

Cat No. 

Size 

DIG RNA Labeling Kit (SP6/T7) 

1175025 

2 1 10 reactions 

DIG UNA Labeling Mil 

1277073 

40 ut (20 reactions) 

Dlgoxlgenln-11-UTP 

1209256 

250 rtmol (25 pi) 

DIG-labeled control RNA 

1585746 

50 ul 

DIG Quantification Teststrlps 

1669956 

50 strips 

DIG Control Teststrlps 

1669866 

25 Strips 

Hybridization 



Product 

Cal. no. 

Size 

Nylon Membranes, positively charged 

1209272 
1209299 
1417240 

10 sheets (20 x 30 cm) 
20 sheets (10 x 15 cm) 
1 roll (0.3 x 3 m) 

Nylon Membranes tar Colony and Plaque 
Hybridization 

1699075 
1699083 

50 IlltsfS (0 82 mm) 
50 (liters {0 132 mm) 

DIG Easy Hyb 

1603558 

500 ml 

Blocking Reagent 

1096176 

50 g 

Hybridization Bagi 

1666649 

50 bags 

Digoxigemn Detection 



Product 

Cat. no. 

Size 

DIG High Prima Laballng and Detection Starter 
Kit t (tor color detection with NBT/BCtP) 

1745B32 

12 labeling reactions and 24 blots 
(10 x 10 cm) 

DIG High Prime Labeling and Detection Starter 
Kit It (tor chernilutnlnescent detection with 
CSPD, ready to use) 

1585614 

12 labeling reactions and 24 blots 
(10 x 10 cm) 

DIG luminescent Detection KM 

1363514 

50 blob (10 x 10 cm) 

DIG Nucleic Acid Detection Kit 

1175041 

40 blots (10 1 10 cm) 

AnU-Olgoxigenln-AP, Fab Fragments 

1093274 

150 U (200 pi) 

Multicolor Detection Set 

1465341 

1 set (3x50 tablets) 

CDP-Slar™ 

1685627 
1759051 

1 ml 

2 ml 

CSPO" 

1 6S5 884 
1759035 
1759043 

1 ml 

2 ml 
4 ml 

C5P0* ready to use 

1755833 

2x50 ml 

NBT/DCIP Raady-to-use Ttbltti 

1697471 

20 tablets 

NBT/BC1P Stock SotuUon 

1681451 

8 ml 

5-Bromo-4-chlon>-2-lndolyl-phosphate 
(BCIP) 

1383221 

3 ml (150 mg) 

4-Nltro Blue Tetraionlwm chloride (NBT) 

1 383213 

3 ml (300 mg) 

Fast Red Tablets 

1496549 

20 tablets 

HNPP Fluorescent Detection Set 

1758888 

5 mo HNPP; 100 mg Fast Red 

DIG Wash and Block Butler Set 

1 585762 

30 blots (10 1 10 cm) 

Blocking Reagent 

1096176 

50 g 

Lu ml -Film, lor Chemllumintacent Da taction 

1666657 
1666916 
1666711 

lOOshaets (8 1 10 cm) 
100 sheen (18x24 cm) 
100 sheets (35 x 43 cm) 
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Nonradioactive Sequencing 


■ Product 

Cat. No. 

Size 

DIG Taq DMA Sequencing Ut 

1 449443 

1 kit (too reactions) 

Long Range Termination Set for Taq Sequencing 

1749836 

1 set (100 reactions) 

Lambda gt1 1 eequenclng primer, 
S'-dlgoxIgenln libeled 

1573225 

100 pmol 

Lambda gtl 1 reverse sequencing primer, 
B'-digoxIgenin labeled 

1573233 

100 pmol 

Ml 3/pUC sequencing primer, 
S'-drjoxIgenin labeled 

1 544 497 

100 pmol 

M13/pUC reverse sequencing primer, 
S'-dlgoxigenln labeled 

1544519 

100 pmol 

SP6 promoter specific primer, 
5'-dlgoxlgenln labeled 

1573195 

100 pmol 

T3 promoter specific primer, 
B'-dlgoxIgenin labeled 

1 573 209 

100 pmol 

T7 promotor ipeciflc primer, 
S'-dlgoxigenlo labeled 

1 573 217 

100 pmol 

Olfloxigenln-16-dATP 

155B7U 

2.5 nmol (25 ul) 

Fluoresceins 6-dATP 

1498142 

25 nmol (25 pi) 

DIG Oligonucleotide S'-End Labeling Set 

1 480B63 

1 set {10 reactions) 

Lumlneicint Detection Set for DIG Sequencing 

1733915 

1 a si {10,000 cm* membrane) 

Fluorescein Labeling and Detection 



| Product 

Cat. No. 

Slic 1 

Fluofisceln-HIgh Prime 

1 585622 

100 pi (25 reactions) 

PCB-Huoresceln Labeling Mix 

1636154 

100 pi (10 reactions) 

Nick Trim lotion Mix 

1745 80S 

200 ul (50 reactions) 

Ruoresctln-12-duTP 

1373242 

25 nmof (25 pi) 

Fluorescein (MA Labeling Mix 

1685619 

40 ul (20 reactions) 

Fluorescein- 12-UTP 

1 427657 

250 nmol (25 ul) 

FIuoreeceln-12-ddirrp 

1427649 

25 nmot (25 ul) 

AntJ-Flucreeceln-AP, Fab tragments 

1 42633B 

150U(200 uQ 

Anll-Ftuoreacaln-POD, Feb irsgments 

1426346 

150 U 

Bio tin Labeling and Detection 



| Product 

Cat. No. 

Size 1 

8lotln-Higb Prime 

1585 649 

I00ul(25 reactions) 

Blolln-NiCM Translation Mix 

1745824 

160 pi (40 reactions) 

BiotJn-16-dUTP 

1 093070 

50 nmol (50 pi) 

Blotin ANA Labeling Mix 

1 685597 

40 pi (20 reactions) 

Blotin-H-UTP 

138B908 

250 nmol (25 pi) 

Blotln-16-ddUTP 

1 427598 

25 nmol (25 pi) 

Antl-Biotln-AP, Feb Iragments 

1 426303 

150 U (200 pt) 

Antl-Blotln-POO, Fab frag men ti 

1 426311 

150 U 

Strepttvidln-AP, for nucleic acid detection 

1093286 

150 0 


Streptsvkdln-POD 1098153 500 U 
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Molecular Weight Marker, digoxigenin-labeled 


| Product 

Cat, Ho. 

Size I 

ONA Molecular Weight Marker It, 
digoxlgenin -labeled 

1 218590 

5 pg {500 ul) 

DNA Molecular Weight Marker 111, 
digoxigenin-labeled 

1 218603 

5 PC (500 ul) 

DNA Molecular Weight Marker V, 
dlgoilgentn-labeled 

1669931 

5pg(500ul) 

ONA Molecular Weight Marker VI, 
dlgoxlgenlrt-iabeled 

1218611 

5 pg (500 pi) 

DNA Molecular Weight Marker VII, 
dlgoxlgenln-iabeled 

1669940 

5 pg (500 pi) 

DNA Molecular Weight Mirker VIII, 
dlgoxlgenfn-labeled 

1449451 

5 po (500 pi) 

RNA Molecular Weight Mirker 1, 
dlgoxlgenin-labelad 

1526529 

4 pg (200 pi) 

RNA Molecular Weight Marker II, 
digoxlgenln-lebtled 

1526537 

2 pg (200 pi) 

RNA Molecular Weight Marker III, 
dlgoxlgentn-labtted 

1 373099 

2 po (200 pi) 

Other DIG System Reagents 



| Product 

Cat. No. 

StZB 1 

DIG Gel Shift Kit 

1635352 

1 kit 

Blotto In Vitro Translation Kit 

1559451 

1 kil (30 translations) 

AnU-DlgoxIgenln-POD, Fab (ragman ts 

1207733 

150 U 

Antl-Olgoxlgentn-POD (poly), Fab fragments 

1633716 

50 U 

Actln RNA Probe , dlgoxlgenfn-labeled 

1498045 

2pg 

DNA probe, spec! He for all 5. cerevisitw 
chromosomea, dlgoxlgenln-iabeled 

1573187 

500 ng(IOOpl) 

Magnetic Particle Separator 

1641794 

i Separator 

Antl-DIG Magnetic Particles 

1641751 
1641760 

20 mg (2 ml) 
100 mg (10 ml) 


Boehringer Mannheim offer* additional reagents, intended for we in in titu hybridi- 
zation, like 

► fluorescent labeled nucleotides 

► fluorescent labeled antibodies 

► fluorescein-Aiigoxigemn- labeled chromosome specific probes 

► enzyme substrates 

For a complete overview please refer to the Biochemical* Catalog or to the 'Nonradio- 
active In Sau Hybridization Application Manual". 
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Trouble Shooting and General Hints on Good Laboratory Practice 
for DIG Labeling and Detection 


Here we describe trouble shooting and gen- 
eral suggestions for good laboratory prac- 
tice with the DIG System. . 

Work under sterile conditions 

► Autoclave DIG System solutions. 

► Filter-sterilize solutions containing SDS; 
Twecn* 20 should be added to previous- 
ly sterilized solutions. 

► Use sterile pipette tips. 

► For preparation of solutions, see Appen- 
dix B. • 


Use clean incubation trays 

► Rigorously clean and rinse laboratory 
trays before each use. 

► When Northern Blo« are performed, 
use the sterile glass trays for all washing 
and detection steps. 

Membrane handling requirements 

► Wear powder-frce gloves when handling 
membranes. 

► Handle membrane only on the edges 
and with clean forceps. 


Important Hints tor Handling 
Below, handling is described for all impor- 
tant steps, and the influence on sensitivity 
and background with the DIG System is 
indicated. 


1. Labeling Reactions 


Influence on 
background sensitivity 


1.1. Incorporation of OlooxIgintn-H-dUTP during PCR 
Amplified vector sequences can lead to non-specific hybridization signals. 
Be sure to exclude vector sequences from toe labeling reaction: digest the 
vector with a restriction eniyme such that tti recognition site is as close as 
possible to the prfmer-bindlno sites. 

By-products of the PCR results In non-specific hybridization. We recommend 

to purify the specific band on agarose gels after labeling. 

When high amounts ol by-products are formed, decrease the emount of template. 


1.2. Random primed labeling 

Most Important step; denaturing the probe. Be sure to denature the probe; boil 
for 10 mln at 100'C (use a waterbath with lid), and place it Immediately on ice. 
Do not label vector sequences. Use only fragments S 10 Kb; digest longer 
probes with a 4 bp cutting restriction enryme. The smatlesl fragment tested 
so far In random primed labeling was 52 bp; the sensitivity of the reaction 
dropped to 1.0 pg. 

Templates should be purified with phenol chloroform txtmUons prior to 
labeling. II a probe does not reveal a reasonable sensitivity In the direct 
- detection assay, repurity via EJu-TIp* mlnlcolumns (Schleicher & Schuetf). 
This is especially necessary after fragment isolation from agaroae. 
DNA fragments can be directly labeled after agarose treatment without 
further purification. After Isolation with the Agarose Get DNA Extraction Kit, 
labeling can also be performed without problems. 

The labeling reaction can be upsceled. This resulla In a higher yield of probe. 
A higher efficiency can also be obtained by overnight Incubation. 
Proteinase K treatment of the completed labeling reaction can enhance the 
sensitivity and reduce background: resuspend the labeled probe after ethanol 
precipitation in 50 ut sterile HjQ, add 1/10 volume of Proteinase K {20 mg/ml) 
end Incubate for 2 h at +37* C. The mixture can dlrectiy be used tw hybridization. 

Recent experiments have ehown that His not absolutely necessary to separate 
the unincorporated DIG-1 1 -dUTP nucleotides from the labeled probes. 
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1.3. 3'-End labeling/tailing 

Make sura that the oligonucleotide concentration has been determined correctly. 
We calculate 1 0Dj« c 33 yg oligonucleotide. The concentration of short oltco- 
nucleotides of known sequence can also be determined using A,*. However, 
the base composition of the oligonucleotide can have stgnliicant eflects on 
absorbance. The total absorbane* Is the sum ot the individual contributions of 
each base. 

When upscaling the labeling reaction, all components have to be increased 
proportionally. Increasing only the oligonucleotide concentration results In . 
insufficient labeling. 

Sometimes 11 is difficult to precipitate short, labeled oligonucleotides Quanti- 
tatively. Make sure that all loiutlons ftJCI, Glycogen dilution, ice-cold ethanof) 
are mixed thoroughly with the reaction mix. Instead ol the Glycogen dilution, 
1 (il of concentrated Glycogen can be used (see pege 39). 


+ 

1.4. RHA labeling by la vitro transcription 

Use sterile disposable plastic ware and sterile DMPC-treated solutions. 

Uneerlie template DNA tor in vitro transcription to receive e vector-tree probe 
end better labeling efficiency. 

Be sure to use the correct strand for UNA transcription il RNA on a Northern 
Blot is hybridized. Transcripts can also be analyzed on nondenaturating agarose 
gels using TAE buffer. 

+ 


For all labeling reactions It Is extremely Important that you check the 
labeling efficiency tn a direct detection assay prior to hybridization. 


++ 

| 2. Blotting 

Influence on 1 
background sensitivity I 

Various methods are available tor the transfei ol nucleic acids from agarose 
gels to membranes. Most commonly used methods in order to achieve Mgh 
sensitivity: capillary blot > vacuum blot > dry blot. 


+ 

2.1. Pretroatment of DNA In the agarose gel prior to transfer 
Depending on the size and structure of the DNA, pretreatment of tha gsl may 
be necessary for optimal transfer. 

OKA fragments larger than 1 0 kb and supercoited plasmlds have to be 
fragmented malde the gel after electrophoresis. This can either be achieved by 
treating the gel with 0.25 M HCI lor 5-20 mln (start with 5-10 mln for 
mammalian DNA; this can be prolonged up to 20 mln, especially for plant DNA) 
or by UV- irradiation on a translliummatw. The letter has the advantage that 
only those parts ot the gel containing long fragments can be exposed to 
UV light so that smaller fragments remain unaffected. 

Note: For every translllumlnstor, Irradiation conditions have lo bt defined 
empirically In a test aeries. With HCI treatment, be aura not te over 
degrade email fragments, causing them to be lost during transfer. 
For tha transfer of Mb-sire fragments and supercoiled plasmlds, a combination 
of both methods may be necessary. Conditions also have to be defined 
empirically. 


+ 
♦ 

2.2. Dena titration 

Unless alkaline transfer is performed, double-stranded DNA has to be denatured 
In the gel prior to transier. This can be accomplished with 0.5 M NaOH; 
1 .5 M NaCI (for gels and membranes; e.g., Colony and plaque hybridization). 
Subsequent neutralization can be enhanced by briefly washing the gel in 
distilled water after alkaline treatment. 



2.3. Neutralization 

Especially when transfer to nitrocellulose membranes (s intended, It is 
important lo check the actual pH of the gal attar neutralization. It should be 
below pH 9 (nylon membranes wilt tolerate a higher pH); otherwise, 
membranes will turn yellow and break during hybridization. To check the pH 
of the gel. lift one edge ot the gel where no DNA has been loaded, press a pH 
stick onto it, and read Uis pH. 
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2.4. Setting up i capillary transfer 

Nylon membranes need no pretreaimeni. Nitrocellulose membranes ntve to 
be pre -wetted in distilled water and 20 x SSC prior to transfer. We strongly 
recommend ihe use ol the Boehringer Mannheim Nylon Membranes, which are 
especially designed and lunction tested tor DIG System blotting applications. 
Membranes have to be handled extremely carefully. Pick up membranes only 
with torceps al the corners; wear powdar-free gloves; be careful not to leave 
any fingerprints. 

It is Important to remove itr bubbles between the gel end the membrane. 
This can be achieved by rolling e clean pipette gently across the membrane. 

Place Parafilm* (round the gel to avoid contact ot the blotting paper with the 
Whatman paper end the Uansler buffer underneath the geJ. 

_Use 20 * SSC for the transfer; 10 > SSC can only be applied If very targe DMA 
~*P fragments are transferred. Ciplilary blots should be performed overnight. 
Make sure that the transtei buffer is soaked only through the gel and not 
around the gel. Place the paper towels so that no contact between Whatman 
paper underneath the gel or transfer butter is possible. Replace the blotting 
paper when 11 becomes wet. 

The weight applied should be in accordance with the gel slie. We suggest 500 g 
for mini gets and a maiimum ol 1250 g (20 x 20 cm gels). 

After UV fixation, carefully wish the membrane quickly In 2 i SSC to avoid 
sal) precipitates. 

' Stain the gal with ethidium bromide to evaluate the efficiency of the transfer. 


2.5. Fixation 

The DMA has to be fixed to the membrane prior to hybridization. This can be 
achieved either by UV-crosslinklng (with a Slratalinker* or transllKimlnatorj 
or by baking. 

For most membranes, baking el ♦BO'C for 2 h is sufficient. The Boehrlnger 
Mannheim positively charged Nylon Membrane should be baked at + 1 20* C. 
but for no more than 30 min. tn general, UV-crosslinklng will probably be more 
convenient. 

Especially If chemlluminescent detection la to be performed. It is important to 
UV-crosslInk the membrane from both sides. This reduces the background 
coming from the opposite side of the membrane. When light Is emitted during 
signals from both sides of the membrane will reach the X-ray film. 

Special hints for Northern Blots: pre-toak gets In sterile tnnsler buffer for 
20 mln prior to transfer. Aft types or RNA gel systems are compatible with 
the DIG System. 

Ethidium bromide staining of ANA gels does not interlera wllh transfer. Autoclave 
the transfer buffer. When handling Ihe membrane, it must be taken Into 
account that RNases can degrade single- stranded RNA bound to a membrane. 


3. Hybridization 


Influence on 
background) sensitivity 


3.1. Prehybridizatlon 

DIG Easy Hyb is the preferred buffer tor all applications. 
Working concentrations lor Blocking Reagent during prehybrldliation are 
between 1-5%. Use a sterile Blocking Reagent stock solution (10%; see page 63 
tor a description of lis preparation] to prepare the prehybfldlzation solution. 
Denatured fish sperm DMA or yeast RNA at a final concentration ol 50 ug/ml 
can be added but Is not necessary tor most applications. 

Take Into account that hybridisation signals could eventually be blocked by 
cross hybridization of the target DMA wllh a nonspeclllc nucleic acid. 

Allow the prehybrtdlzaiion to proceed for at least 1 h al the same lemperature 
as the subsequent hybridization. Use a sufficient volume of prehybrldliation 
solution. II roller lubes are applied, use a minimum ot 20 ml. If sealed bags or 
trays are used, gently shake them during the prehybrldliation. 

Do not allow the membranes to dry between pre hybridization and 
hybridization. 
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3.2. Hybridization with probe 

Note: It Is Important to carefully evaluate the correct hybridization conditions 
tor a given probe and target. 

^Probe concentration Is a very Important (actor. A probe concentration that Is 
loo high may lead to non-specific binding ol trie probe to the membrana. 
and a probe concentration that Is too low could lead to lower sensitivity.' 
The concentrations given In this guide will work with most routine applications. 
Shorter hybridization times can be applied tn combination with a higher probe 
concentration. For Important experiments, we recommend thai you test the 
optimal probe concentration in a mock hybridization. For this purpose, pre- 
Incubato small pieces of membrane, and then hybridize them overnight with 
Increasing concentrations of labeled probe per ml ol hybridization solution. 
After detection, the optimal concentration can be defined 
(tee page 42 for detailed description). 

When CDP-Star'" is used tor chamltumlnescent delectlon, the optimal probe 
concentration is typically hall the concentration that Is used tor other types of 
detection. As starting point we recommend 10-20 ng/ml DtG-labeied DNA 
or 20-50 ng/ml DIG- labeled RHA. 

3.2.1. D maturation ol probe 

Oenstura ONA probes and ANA probes (secondary structures) belora adding 
them to the hybridization solution. 

With oligomers, denaturation Is only necessary when secondary structures can 
be expected Irom the nucleotide sequence. 

Use only deionized formamlde (if it is Included tn the hybridizati on solution). 

3.2.2. Hybridization In roller tubes 

Use at least 6 ml per hybridization solution tube. This volume can be Increased 
II required. 

Monitor the hybridization temperature. Note that the temperature tel 
ort the oven Is not necessarily the temperature maintained inside lite 
roller tube. Check the tempera tun Inside the tube before hybridization 
by filling the tube, for Instance, with water end placing a thermometer 
Inside the tube. 

3.2.3. Hybridization In tailed bags 

Use at least 3.5 ml hybridization solution per 100 cm 1 ot membrane. 

Tnls volume can be Increased (e.g. to 5 ml} when suflicieni amounts or probe 

are available. 

Remove all air bubbles prior to sealing. 
Check the seals. 

Gently shake sealed bags In a walsrbath set et the right hybridization 
temperature. The membrane should lie flat on the bottom of the waterbath. 
Uneven positioning of the' membrane will cause loss of sensitivity and 
background problems. Membranes can also be placed flat in an Incubator. 

3.2.4. Special hints lor hybridization with tailed oligonucleotides 
Hybridization with a tailed oligonudaotida should be performed with O.l ug/ml 
Poly (A) in the prehybridlzatlon and hybridization solution to prevent 

non* specific hybridization signals. Additionally, 5 ug/ml Poly d(A) can increase 
blocking efficiency. 
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3.3. Special hints (or Northern Blot applications 

The preferred hybridization buffer tor Northern Blots is DIG Easy Hyb. 
Alternatively you may use me High SOS buffer (see page 83). Buffers without 
50% lormamlde should not be used (except DIG Easy Hyb). 

It Is preferable to wort with RNA probes whenever possible. 

Work under sterile conditions. 

Single-stranded RNA can be degraded by single -strand-specf tic RNases also 
when bound to membrane, and double-stranded RNA hybrids can be degraded 
by double-strand- specific RNases. 

Special hint for Northern Blots when RNA probes have been used: 
background can be reduced by adding an RNase A wash step after the last 
stringent wash. Use a 100 pg/ml RNsss A solution In 10 mM Trts-buffer, 
5 mM EDTA. 300 mM NaCI, pH 7.5 for 30-60 mln et room temperature. 
Attention: some RNase A preparations may contain doubte-strand-specilJc 
RNases that can degrade hybrids on the membrane. Double* strand-specif Ic 
RNases can be detected by incubation with double stranded Poly RNAa or MS2 
RNA followed by analysis on a denaturatlng agarose gel. MS2 RNA Is partially 
double- stranded. RNase A preparations that do not contain double -itrand-speclfi: 
RNase activity will leave these regions urtallected. tt is etways necessary to 
compare the untreeted MS? RNA when performing such tests. 

3.4. Washes " ~ 
Optimize the washing conditions lor your particular application. The conditions 
given In the pack insert are defined for 1 00% homology between Isrgel DNA 
and probe, and a GC content of about 50%. For genomic hybridizations, we 
recommend the use ol 0.5 1 SSC for the stringency washes. However, il may be 
necessary to Increase the stringency (e.g. 0,1 t SSC). 

Apply vigorous shaking during the stringency washes. 

Prewarm the wash solutions to the appropriate temperature. 

Use trays rather than roller tubes for the washing steps. 

Oo not allow the membranes to overlap or stick together during the washing aleps. 

Use an excess volume of washing solution. 


4. Immunological Detection 


Usa freshly washed trays. 

Shake membranes during the whole detection procedure 
(except color development). 


Influence on 
background sensitivity 


Store the antibody at ♦ 4"C. Carefully check the lube to see If a precipitate has 
formed. If so, remove the precipitate by a 30 sec cemrif ligation. 
Work tinder sterile conditions. 

The blocking and washing steps can be prolonged, but do not prolong the 
antibody reaction. 

The concentration of the Blocking Reagent can be Increased to up to 5%. 

Use freshfy we shed trays alter the antibody reaction. 

Prepare a fresh dilution of antibody and color substrate solutions directly 
before use. 

When working with the chemllummescenl substrates, a dilution of only 

t:i 0.000 (COP-Star™ 1 :20.000) of the antibody la necessary. 

Work under absolute sterile conditions when handling the chamilumlnescenl 

substrate solution, end avoid phosphatase contamination. 

Allow the color reaction to develop In the dark without shaking. 

It is no) necessary to work In the dark with CSPD* or CDP-Star™. 

It is possible to switch from chemJIumlneacent detection to a color reaction 

on me same blot. Wash oft the ehemllumlneecent substrate lor 5 min with 

Detection buffer, and then add the color substrata. Background Irom the 

opposite side of the membrane Is then excluded. It Is not t problem if the 

higher antibody dilution has been applied previously. 
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Dilutions ol CSPO* and COP-Star™ can be reused one or two times within ■ 

a month. Avoid contamination and store in the dark at +4'C. 

Films with different sensitivities are available. Use Lumi-Ftlm tor best remits. 



5. Special Hints for Colony and Plaque Hybridization 

Influence on 
background sensitivity 

it is very important thai all cellular debris Is removed before proceeding 
to the hybridization. Follow the protocol on pace 50. 

II is extremely important that no vector sequences are present 
in the probe preparation. 

+ 


6. Application of Other Hybridization Buffers with the DIG System 

Influence on 
background sensitivity 

All established hybridisation protocols can be used with the DIG System. 
Buffers rjtven in ihli User's Guide nave been specially optlmlied to work with 
tha DIG Syalem. Oenhardt'i solution can be used instead ol Stocking, fleagenl 
The bands obtained ere slightly fuHy compared to those obtained with 
Blocking Reagent. 



7. Signal Intensification 

Influent 
background 

eon 

sensitivity 

Hybridization signals can be Intensified by the addition of 10* dsxtran sulphate 
or 6% PEG 8000, but the background will also Increase. Outran sulphate 
shows lot-to-Jot inconsistency, with some iota, e strong background is obtained 
PEG It more reliable in this respect, but we nave not observed any increase 
In sensitivity. Only the signal intensity itself could be Increased 2-3-told 

+ 

+ 

8. Stripping and Reprobing 



In addition to the methods given in tha pack Inserts, stripping by boiling In 
distilled water containing 0.1% SOS can be recommended. This is especially 
useful when stripping northern blots because alkali treatment degrades the 
RNA on the blot as weil ai in cases where dlooxlgenln-lebeled molecular 
weight markers have bean transferred to the membrane. 


9. Molecular Weight Markers 


it Is very convenient to use DIG-labeied molecular weight markers. The markers 
are vtiualiied automatically during the detection reaction, simplifying the 
calculation of the molecular weight of bands of Interest. 

Kote: DIG-lebfiled molecular weight markera do not withstand alkali 
trantfar and alkaline stripping. 


become familiar with the DIG System, start the control reactions given in the kit. 
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Problem S: (3) Inadequate sensitivity or (b) high background 


A possible cause: 
(a) underexposure 
(a) overexposure 

Note 

For further reasons that might cause the 
same problem, please refer to pages 90-95. 

Recommendation: 
Adjust the exposure time. 


Problem 6: high background 


A possible cause: 

The probe concentration was too high, or 
the template DNA w« contaminated. 

Note: 

For further reasons that might cause the 
same problem, please refer to pages 90-95. 

Recommendation: 

Perform i mock hybridization as described 
on page 42 to determine the highest probe 
concentration that can be used without 
resulting in high background. 

Prolong the stringency wash steps (2 x 20 
min) and the antibody wash steps (2 x 20 

min). 
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Problem 7: Irregular smears ol background 


A possible cause: 

Non-uniform distribution of chemrlumi- 
ne^cent substrate during chemiluminesccnt 
detection; certain parts of the membrane 
are dry. 

Note: 

For further reasons that might cause the 
same problem, please refer to pages 90- 95. 
Recommendation: 

Refer to the detection procedure on page 
58 where rwo methods for the distribution 
of the chemiluminesccnt substrate are de- 
scribed. 

Irregular smears of background can also be 
caused by a crumpled hybridization bag. 
The bag crumples because of the heat, and 
this crumples the membrane in the same 
pattern so that the X-ray film does not 
have uniform contact with the membrane. 
To avoid this problem, make sure that the 
surfaces of the bag are smooth before hy- 
bridization is initiated. 



Problems: spots on the e xposed X-ray film outside the area where the membrane had contact 


A possible cause: 

The outside spots on the exposed X-ray 
film are caused by electrostatic charge on 
the sealing bag. 

Note: 

For further reasons that might cause the 
same problem, please refer to pages 90-95. 

Recommendation: 

Wipe the surface of the sealing bag with 
70% ethanol before applying the film. 

Wear gloves uid touch the membranes on- 
ly at the edges with a clean forceps. 
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Problem 9: clouds of background an the auloradiograph 


A possible cause; 

Distribution of probe was uneven. 

Note: 

For farther reasons that might cause the 
same problem, please refer to pages 90-95. 

Recommendation: 

► Use at least 3.5 ml hybridization solu- 
tion per tOO m 1 membrane. 

► Shake during hybridization, and make 
sure the bag ties flat on the bottom of the 
water bath. 

► If a roller apparatus is used, apply at 
least 6 ml hybridization solution per 
tube. 

► Do not allow the membrane to dry be- 
tween prehybridization and hybridiza- 
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